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ABSTRACT 


NET-2  is  a  general  purpose  computer  program  which  solves  the  nonlinear  time 
domain  response  and  linearized  frequency  domain  response  of  arbitrary  networks 
composed  of  electric  circuit  elements  and  system  operational  elements .  NET-2 
performs  parameter  variation  studies,  statistical  studies,  and  network  performance 
optimization.  Models  are  included  for  gamma  rate  and  neutron  dose  radiation 
effects.  A  topological  network  description  is  utilized  using  a  free  form  user 
oriented  input  language . 
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PREFACE 


This  report  constitutes  the  User's  Manual  for  the  Release  9  version  of 
the  NET-2  Network  Analysis  Program.  It  supersedes  the  User's  Manual 
for  Release  8  which  was  published  in  September,  19Y2. 

Release  9  differs  significantly  from  Release  8.  New  features  which  have 
been  added  to  the  program  are  summarized  below: 

1.  Several  new  system  elements  have  been  added.  Computation  using  these 
elements  is  handled  using  nonlinear  simultaneous  methods.  Both  time  and 
frequency  domain  solutions  are  available  for  networks  containing  these 
elements.  The  new  system  elements  include  square  root,  absolute  value, 
sign  function,  maximum  function,  minimum  function,  natural  logarithm, 
exponential  function,  exponentiation,  inverse  sine,  inverse  cosine,  inverse 
tangent,  hyperbolic  tangent.  Euclidean  norm,  root  mean  square  function, 
modulo  function,  quantizer,  time  delay,  sample  and  hold,  hysteresis, 

Boolean  functions  of  AND,  OR,  and  Exclusive  OR,  RST  flipflop,  synchronous 
clock,  digital  differential  analyzer  accumulator,  output  file  interface, 
and  input  file  interface. 

2.  Several  new  circuit  elements  have  been  added.  These  include  a  nonlinear 
voltage  controlled  current  source,  transmission  line  model,  core  winding 
model,  and  magnetic  core  model. 

3.  A  data  reduction  feature  has  been  included  to  permit  modeled  device 
parameters  to  be  extracted  from  measured  or  published  data. 

k.  The  usage  of  mathematical  expressions  has  been  greatly  extended.  Many 
restrictions  on  the  construction  of  mathematical  expressions,  function 
definitions,  and  table  references  have  been  removed. 

5.  Several  additional  mathematical  functions  are  now  available  for  use  in 
constructing  mathematical  functions.  These  include  four-quadrant  inverse 
tangent,  maximum  function,  minimum  function,  modulo  function,  and  sign 
function. 

6.  Additional  global  quantities  have  been  made  available  to  the  user. 

These  include  the  current  value  of  the  time  step  and  the  accumulated  neutron 
dose.  All  global  quantities  may  now  be  referenced  by  the  user. 
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There  have  been  several  modifications  to  NET-2  which  will  require  revision 
of  input  decks  which  were  prepared  for  use  with  Release  8.  Although  the 
revision  of  decks  may  be  a  painful  process,  it  is  felt  that  the  increased 
flexibility  offered  by  Release  9  will  be  worth  the  effort  expended  over  the 
long  term.  The  differences  between  Release  8  and  Release  9  which  may  require 
deck  revision  are  listed  below: 

1.  Numerical  constants  which  contain  an  exponent  must  include  the  character 
E  before  the  exponent  portion  (see  1. 2.2.2). 

2.  The  character  *  must  be  used  to  denote  multiplication  in  mathematical 
expressions  (see  1.2. 2. 4.1). 

3.  Arguments  of  mathematical  functions  must  be  enclosed  by  parentheses 
(see  1.2. 2. 4. 3). 

4.  The  Release  8  mathematical  function  ARCTAN  has  been  changed  to  ATAN 
(see  1.2. 2. 4. 3). 

5.  The  Release  8  mathematical  function  LN  has  been  changed  to  L0G  (see 

1.2. 2. 4. 3). 

6.  Network  elements  which  have  multiple  values  specified  must  have  commas 
inserted  to  separate  the  values. 

7.  User  defined  functions  without  arguments  may  not  be  used.  The  X  variable 
notation  should  be  used  instead  (see  1.2. 2. 5  and  1.2.2.6). 

8.  The  INITIAL  Entry  has  been  discontinued.  Initial  conditions  available 
through  this  entry  in  Release  8  have  now  been  incorporated  into  the  respective 
element  formats. 

9.  The  INT  (time  integral)  element  format  has  been  modified  to  include  the 
specification  of  initial  value  (see  3.10). 

10.  The  mathematical  formulation  for  the  capacitor,  radiation  effects 
capacitor,  inductor,  and  coefficient  of  coupling  have  been  modified  to 
include  the  effects  of  time  varying  capacitance  and  inductance  values 
(see  2.3,  2.4,  and  2.5). 

11.  The  formats  for  the  MAXSTEP  Entry  and  the  TERMINATE  Entry  have  been 
modified  to  include  the  =  character  (see  1.3. 2.1  and  1.3.3). 

12.  The  format  for  the  GAMMA,  GAMD0T,  and  NEUT  Entries  have  been  modified 
to  include  the  =  character.  In  addition,  the  order  for  specifying  the 
neutron  rate  and  the  initial  accumulated  neutron  dose  for  the  NEUT  Entry 
has  been  interchanged.  (See  1.3. 4.1  and  1.3. 4.2). 
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13.  The  prefix  for  the  Zener  diode  has  been  changed  from  D  to  ZD  (see  ?.l6). 

lU.  The  prefix  for  the  MOSFET  has  been  changed  from  T  to  MFET.  The  M03FET 
substrate  node  now  appears  as  an  external  terminal.  The  exponential  form 
of  the  slope  of  the  MOSFET  drain-source  curve  in  region  B  has  been  replaced 
with  a  quadratic  form;  this  modification  may  require  the  parameters  Kl,  K2, 
and  K3  to  be  redetermined.  (See  2.19). 

15.  The  prefix  for  the  JFET  has  been  changed  from  T  to  JFET.  The  exponential 
form  of  the  slope  of  the  JFET  drain-source  curve  in  the  saturation  region 

has  been  replaced  by  a  quadratic  form;  this  modification  may  require  the 
parameters  SI,  S2,  and  S3  to  be  redetermined.  (See  2.20). 

16.  Release  9  provides  default  values  for  all  device  model  parameters  which 
are  not  specified  by  the  user.  Many  of  these  default  values  are  nonzero. 

All  default  values  provided  by  Release  8  for  device  parameters  were  zero. 

(See  Tables  2-1,  2-3,  2-5,  2-7,  2-9,  2-11,  2-13,  and  2-lb). 

17.  The  internal  structure  of  the  device  parameter  library  has  been  revised. 
It  will  be  necessary  to  regenerate  the  device  parameter  library. 

18.  Since  the  stored  model  library  contains  subnetwork  descriptions  using 
the  NET -2  input  language,  it  may  be  necessary  to  revise  certain  stored  models 
in  that  library  because  of  modifications  in  the  input  language. 

19.  Specification  of  an  AC  small  signal  variable  in  a  PRINT  or  PL0T  statement 
will  provide  only  the  magnitude  or  phase  of  that  variable  as  specified.  In 
Release  8  both  magnitude  and  phase  were  automatically  provided  upon  specifi¬ 
cation  of  either  one.  (See  6.1.U.1,  6.1.H.2,  and  7.2.2). 

The  author  wishes  to  acknowledge  the  contributions  of  Dr.  Larry  D.  Ray 
for  his  work  in  the  areas  of  the  device  parameter  data  reduction,  the 
magnetic  core  model,  the  transmission  line  model,  and  several  of  the 
system  element  models,  and  Bill  Kirkwood  for  his  programming  assistance 
in  many  areas.  The  continued  support  of  Robert  E.  McCoskey,  H.  J.  Matthews, 
and  Robert  Puttcamp  of  the  Harry  Diamond  Laboratories  is  gratefully  acknow¬ 
ledged. 

The  contributions  of  the  Naval  Ordnance  Laboratory  and  the  Los  Alamos 
Scientific  Laboratory  through  independently  funded  development  efforts 
are  acknowledged.  The  results  of  some  of  this, independent  work  have  been 
included  in  Release  9. 
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1 .  GENERAL 


1.1  Introduction 

The  NET -2  Network  Analysis  Program  is  a  general  purpose  digital  computer 
program  which  solves  the  nonlinear  time  domain  response  and  the  linearized 
small  signal  frequency  domain  response  of  an  arbitrary  network  described 
to  the  program. 

NET -2  is  capable  of  handling  a  variety  of  network  components  and  can  be 
applied  to  problems  arising  in  several  engineering  fields,  including 
electronics,  control  systems,  heat  flow,  mechanical  structures  and  systems, 
systems  of  nonlinear  equations,  and  digital  logic.  The  network  elements  may 
be  freely  intermixed  permitting  interdisciplinary  problems  to  be  solved. 

NET -2  is  able  to  perform  parameter  variation  studies,  statistical  studies, 
and  network  performance  optimization.  The  program  has  nuclear  radiation 
effects  modeling  capability  for  studying  the  effects  of  gamma  radiation 
and  neutrons  on  circuit  and  system  response. 


1.1.1  Language  Structure 


The  NET-2  language  is  organized  into  a  series  of  entries,  with  each  entry 
composed  of  one  or  more  lines.  The  various  lines  are  written  at  specified 
indentation  levels ,  so  that  the  complete  input  has  the  appearance  of  an 
outline  form.  The  term  indentation  level  is  used  throughout  this  report 
to  indicate  the  relative  positions  of  the  various  lines  to  the  left  margin 
when  writing  the  input  on  paper.  The  left  margin  is  always  indentation 
level  0.  Lines  with  indentation  levels  greater  than  zero  are  indented  to 
the  right  of  the  left  margin,  with  the  amount  of  indentation  proportional 
to  the  indentation  level  specified,  e.g.,  a  line  at  indentation  level  2 
is  displaced  further  to  the  right  than  a  line  at  indentation  level  1.  The 
first  line  of  any  entry  always  starts  at  indentation  level  0,  and  subsequent 
lines  of  the  entry,  if  any,  begin  at  indentation  level  1  or  greater. 


Network  Description 


A  network  consists  of  a  set  of  elements  interconnected  through  a  set  of 
network  nodes.  The  network  can  be  described  by  individually  describing 
each  element  and  how  it  is  connected  to  the  network  node  system. 

The  description  of  each  network  element  requires  specification  of  the  element 
type,  the  names  of  the  nodes  to  which  it  is  connected,  and  the  values  to  be 
attached  to  the  parameters  which  control  the  element  behavior.  Values  may 
be  described  either  numerically  or  symbolically  in  terms  of  other  quantities 
unless  otherwise  noted. 
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Every  network  element  is  assigned  a  name  or  ID  which  consists  of  a  prefix 
and  a  suffix.  The  prefix  is  composed  of  alphabetic  characters  only  and 
denotes  the  element  type.  The  suffix  must  always  begin  with  a  numeric 
character,  followed  by  any  combination  of  alphabetic  and  numeric  charac¬ 
ters.  The  suffix  is  always  denoted  by  the  small  letter  n  immediately 
following  the  prefix  in  this  report.  Each  network  element  should  be 
assigned  a  unique  name  to  prevent  confusion  when  references  are  made  to 
the  elements.  Examples  of  acceptable  element  names  are  R378  and  TLINE7AB 
for  a  resistor  and  a  transmission  line,  respectively. 

The  network  nodes  are  assigned  arbitrary  names.  Any  combination  of  alpha¬ 
betic  and  numeric  characters  may  be  used.  All  node  voltages  are  measured 
with  respect  to  a  datum  or  ground  node.  The  datum  node  is  designated  by 
the  integer  0.  It  is  recommended  that  all  networks  include  a  datum  node. 

A  network  may  exist  in  several  isolated  parts;  NET-2  will  automatically 
choose  one  of  the  nodes  in  each  isolated  part  as  the  datum  node  unless 
node  0  is  already  included  in  that  isolated  part. 


1.2.1  Element  Specification 

NET-2  accommodates  a  large  variety  of  network  elements  of  different  types. 
The  following  sections  discuss  the  general  classes  of  elements  available 
in  the  program.  Chapters  2  and  3  give  specific  details  for  circuit  and 
system  elements,  respectively. 


1.2.1 .1  Circuit  Elements 


NET-2  contains  a  set  of  circuit  elements  from  which  electrical  and  electronic 
circuits  can  be  constructed.  When  these  elements  are  interconnected  voltages 
may  appear  at  the  element  terminal  nodes  and  currents  may  flow  through  the 
element  terminals.  The  nodes  to  which  such  elements  are  connected  are 
called  circuit  nodes,  and  the  nodal  quantities  associated  with  the  nodes 
are  the  node  voltages. 


1.2. 1.2  Modeled  Devices 


NET -2  contains  a  subset  of  circuit  elements  which  are  called  modeled  devices. 
They  include  the  semiconductor  devices  and  the  magnetic  core.  They  are 
distinguished  by  complex  nonlinear  models  and  usually  require  many  numerical 
parameters  to  control  their  behavior. 

Each  modeled  device  has  a  model  number  associated  with  it.  By  means  of  the 
model  number,  a  specific  equivalent  circuit  and  a  set  of  controlling  equa¬ 
tions  are  entered  into  the  network  calculation  to  represent  that  modeled 
device. 
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The  user  must  also  specify  a  type  name  for  the  modeled  device.  The  type 
name  is  limited  to  a  maximum  of  eight  alphanumeric  characters.  'The  type 
name  enables  WET-2  to  locate  and  retrieve  a  set  of  numerical  values  for  the 
device  parameters  from  the  Device  Parameter  Library.  These  values  are  then 
used  by  the  device  model  equations  to  represent  a  particular  device  in  the 
calculation.  The  device  parameters  must  always  be  represented  as  numerical 
constants.  The  user  may  reference  and  modify  any  device  parameter  value 
during  the  calculation.  NET-2  supplies  default  values  for  all  device  para¬ 
meter  values  which  are  not  specified  by  the  user. 

Radiation  effects  behavior  is  included  for  many  of  the  modeled  devices.  The 
inclusion  of  radiation  effects  requires  many  additional  parameters  and  addi¬ 
tional  computation.  However,  NET-2  is  written  in  such  a  way  that  the  additional 
parameters1  and  calculations  are  required  only  if  a  neutron  or  gamma  radiation 
source  is  specified  in  the  input.  Thus,  the  user  with  no  interest  in  radiation 
effects  behavior  is  not  penalized  in  speed  and  network  size  capability. 

Certain  devices  permit  the  user  to  specify  optional  mode  information  to  assist 
NET-2  in  obtaining  the  desired  network  solution.  The  mode  information  specifies 
which  operational  mode  the  device  is  to  assume  in  situations  where  the  network 
response  is  multistable  in  the  DC  steady  state  solution. 


1.2. 1.3  Linvi 11  Elements 


NET -2  contains  special  circuit  elements  to  represent  the  Linvill  elements  of 
combinance,  storance,  diffusance,  driftance,  and  the  pn  junction.  Radiation 
effects  are  not  specifically  included  but  can  be  added  through  the  general 
nonlinear  capabilities  of  NET-2. 

The  availability  of  these  elements  as  individual  building  blocks  permits  one 
to  construct  Linvill  models  of  any  complexity  by  suitably  interconnecting 
these  elements.  With  such  an  approach  entire  microcircuits  can  be  constructed 
and  studied  with  NET-2. 

A  special  kind  of  node  is  utilized  in  connection  with  Linvill  elements.  It 
is  called  a  carrier  node  and  is  used  to  represent  excess  carrier  density 
(as  opposed  to  the  circuit  node  which  represents  node  voltage).  Current  may 
flow  into  and  out  of  carrier  nodes  in  much  the  same  way  as  for  circuit  nodes. 
However,  the  only  components  which  may  be  connected  to  carrier  nodes  are 
current  sources,  primary  photocurrent  sources,  and  the  carrier  node  terminals 
of  Linvill  elements. 

A  carrier  node  may  represent  either  electron  or  hole  excess  density,  as  dis¬ 
tinguished  by  the  sign  of  the  excess  carrier  density  associated  with  the  node. 
Excess  carrier  density  at  a  carrier  node  is  analogous  to  voltage  at  a  circuit 
node;  thus,  the  notation  N(x)  will  always  refer  to  the  excess  carrier  density 
at  carrier  node  x.  N(x)  is  positive  for  holes  and  negative  for  electrons. 


1.2.1.U  System  Elements 


NET-2  includes  a  set  of  network  elements  which  are  called  system  elements. 
These  elements  perform  operational  functions  on  variables  which  appear  on 
their  input  nodes,  delivering  the  result  as  a  nodal  variable  at  the  output 
node.  The  output  node  of  a  system  element  is  called  a  system  node. 

A  system  element  may  be  viewed  as  a  specialized  electrical  element.  The 
input  nodes  of  a  system  element  have  infinite  input  impedance,  i.e.,  the 
system  element  does  not  extract  any  energy  from  the  network.  The  voltages 
on  the  input  nodes  are  transformed  by  the  system  element  with  the  result 
appearing  on  the  system  element  output  node  as  a  node  voltage .  The  system 
element  output  is  always  referred  to  node  0  and  has  zero  output  impedance, 
i.e.,  it  is  capable  of  delivering  an  infinite  amount  of  energy  to  the  network. 

The  user  must  never  connect  two  system  element  outputs  to  the  same  node  since 
it  is  not  physically  possible  to  obtain  a  solution  which  satisfies  both 
system  elements  simultaneously  except  under  special  conditions.  Also,  since 
the  input  nodes  have  infinite  input  impedance,  the  user  must  always  insure 
that  an  impedance  path  exists  from  every  system  element  input  node  to  network 
^  und  to  avoid  solution  of  a  singular  system  of  equations.  This  impedance 
path  is  always  present  if  a  system  element  input  is  connected  to  a  system 
node. 

The  nodal  variable  at  a  system  node  x  is  referenced  by  using  the  symbolic 
name  N ( x ) . 


1.2.2  Value  Specification 

The  network  element  descriptions  and  other  elements  of  the  NET-2  descriptive 
language  require  the  user  to  specify  values  for  purposes  of  calculation. 
These  values  may  be  specified  either  as  numerical  constants  or  in  symbolic 
form  using  mathematical  expressions  and/or  symbolic  constants. 


1.2. 2.1  Units 

Any  self-consistent  set  of  units  may  be  used  with  the  NET-2  program.  Care 
must  be  taken  when  using  modeled  devices  and  stored  models  in  a  circuit 
since  these  circuit  elements  already  have  numerical  values  attached  to  them 
as  they  exist  in  their  respective  libraries.  Since  these  numerical  values 
presuppose  a  particular  set  of  units,  the  user  must  be  careful  to  employ 
the  same  set  of  units  in  his  own  circuit  description. 

It  is  wise  to  use  a  set  of  units  such  that  the  magnitudes  involved  tend  to 
center  about  unity.  The  range  of  magnitudes  should  be  confined  between 
10--*-  and  10-*-1-’  if  possible. 
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A  set  of  units  which  works  well  for  electronic  circuit  calculations  is 
the  following: 


Voltage 

Current 

Charge 

Flux 

Energy- 

Power 

Resistance 

Capacitance 

Inductance 

Time 

Frequency 

Impedance 

Admittance 


volts 

milliamperes 

picocoulombs 

nanowebers 

picojoules 

milliwatts 

kilohms 

picofarads 

microhenries 

nanoseconds 

gigahertz 

kilohms 

millimhos 


1.2. 2. 2  Numerical  Constants 

Numerical  constants  are  composed  of  a  string  of  digits,  optional  sign  and 
decimal  point,  and  an  optional  exponent.  The  plus  sign  is  optional  for 
positive  constants.  The  decimal  point  is  not  required  if  it  occurs  to  the 
right  of  the  last  magnitude  digit.  The  exponent,  if  used,  must  always 
follow  immediately  after  the  magnitude  and  begin  with  the  letter  E.  The 
exponent  value  is  expressed  as  a  signed  integer,  representing  a  power  of 
ten,  with  the  plus  sign  optional  for  positive  exponents. 

Examples  of  legal  numerical  constants  are: 

25 

+2.3** 

-35.78 

U.E+6 

49-789E-3 

65E7 


1.2.2. 3  Symbolic  Constants 

The  user  may  define  constants  in  symbolic  form.  The  format  is: 
Pn  Value 

where  Pn  =  symbolic  name 

Value  =  numerical  value  of  constant 


A  symbolic  constant  may  be  referenced  by  using  its  symbolic  name.  The 
value  of  the  constant  may  be  altered  in  any  of  the  NET-2  operational 
modes,  such  as  in  a  State  solution. 

The  symbolic  constant  is  normally  defined  at  indentation  level  0  (exceptions 
may  occur  in  defined  subnetworks  and  stored  models). 


1.2. 2.h  Mathematical  Expressions 

Mathematical  expressions  have  many  uses  in  NET-2.  They  may  be  used  for 
element  values,  function  definitions,  and  objective  function  statements. 

Quantities  used  in  constructing  the  expression  include  numerical  constants, 
symbolic  constants,  function  references,  table  references,  response  variables 
global  variables ,  X  variables ,  and  element  values  and  parameters .  When  the 
mathematical  expression  is  used  in  the  definition  of  functions  containing 
dummy  arguments,  the  expression  may  also  contain  the  names  of  the  dummy 
arguments.  Also  available  are  a  variety  of  mathematical  symbols  and  several 
mathematical  functions. 

The  expression  is  written  using  constructions  similar  to  those  used  in 
FORTRAN . 


1.2.2.U.1  Arithmetic  Operations 

The  arithmetic  symbols  +,  -,  *,  /,  and  #*,  are  used  to  denote  addition, 
subtraction  or  negativity,  multiplication,  division,  and  exponentiation, 
respectively. 

All  arithmetic  operators  must  explicitly  appear  in  mathematical  expressions. 
No  operations  are  assumed  by  juxtaposition  of  quantities. 


In  division,  only  the  quantity  immediately  following  the  division  sign  is 
considered  to  be  in  the  denominator.  Compound  denominators  must  be  enclosed 
in  parentheses.  These  examples  illustrate  the  point: 


X6  =  R1/.5*R3 
X7  =  R1/(.5*R3) 


is  interpreted  as  X6  = 
is  interpreted  as  X7  = 


R1  R3 
.5 

R1 
.  5R3 


The  minus  sign  may  be  used  to  indicate  the  negative  of  a  quantity: 
X9  =  -N( 1 ) 
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Exponentiation  is  indicated  by  the  symbol  **,  where  the  quantity  appearing 
immediately  after  the  symbol  is  the  exponent.  Exponents  may  be  constant 
or  variable.  Compound  exponents  must  be  enclosed  in  parentheses.  Exponents 
consisting  only  of  integer  constants  should  be  written  without  the  decimal 
point.  Examples  are: 

V(R6)**2 

I(Cl)**N(U5) 

R6**(C1/C2) 

2**R9 

An  expression  such  as  A**B**C  is  ambiguous  and  parentheses  must  be  used 
to  indicate  the  proper  grouping. 


1.2.2.U.2  Parentheses 


Left  and  right  parentheses  are  available  for  grouping  purposes.  As  many 
levels  of  parentheses  may  be  employed  as  necessary.  It  is  important  to 
check  for  proper  pairing  of  left  and  right  parentheses  so  that  ambiguous 
or  incorrect  groupings  are  avoided.  Examples  of  correct  usage  are: 

XI  =  Rl/(R2#(N(l)  +  R3) ) 

which  represents  the  expression 


XI 


Rl 

R2  ( N  ( 1 )  +  R3~) 


A  more  complicated  example  is 

X2  =  .0026*( (N(l)+12/(l(R3)+R2))/(R3+T3.BN/((N(GT6.FY7.T5.!+)+3.5)*R7))) 


which  represents  the  expression 


X2  =  .0026 


,,(1)  'iWV 


R2 


R?  +  T3.BW 

J  ( N ( GT6 . FY7 . T5 A )  +  3.5)  R7 
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1.2.2.  h. 3  Mathematical  Functions 

The  following  mathematical  functions  are  available  for  use  in  mathematical 
expressions : 

ABS(x)  Absolute  value  of  x 

ATAN(x)  Inverse  tangent  of  x,  result  in  radians 
ATAN2(x,y)  Inverse  tangent  of  x/y,  result  in  radians 
C0S(x)  Cosine  of  x,  x  in  radians 
EXP(x)  Exponential  function  of  x 

L0G(x)  Natural  logarithm  of  x 

MAX(x,y)  Maximum  value  of  x  and  y 

MIN(x,y)  Minimum  value  of  x  and  y 

M0D(x,m)  x  modulo  m 

SIGN(x,y)  Magnitude  of  x  with  sign  of  y 
SIN(x)  Sine  of  x,  x  in  radians 

SQRT(x)  Square  root  of  x,  x  positive 
TAN(x)  Tangent  of  x,  x  in  radians 
U(x)  Unit  step  function  of  x 

The  unit  step  function  is  defined  as  follows: 

U(x)  =  0  x  <  0 

U(x)  =1/2  x  =  0 

U(x)  =1  x  >  0 

Function  arguments  must  be  enclosed  in  parentheses.  Examples  are: 

U(N( 56) ) 

SQRT(R6/R7) 

C0S( -2 ) 
sin(-r6) 

SIN(C0S(r6) ) 

1.2.2. k.k  Tables 

Tables  are  used  to  describe  arbitrary  nonanalytic  functional  relations. 

Both  one-dimensional  and  two-dimensional  tables  are  available,  having 
one  and  two  arguments,  respectively. 

Definition  of  a  table  requires  several  lines.  The  first  line  generally 
occurs  at  indentation  level  0  (exceptions  will  be  noted  in  Chapter  5) 
and  includes  the  table  ID.  Subsequent  lines  occur  on  the  next  indentation 
level,  usually  level  1,  each  line  specifying  numerical  information. 

Arguments  which  may  be  used  in  table  references  may  be  any  mathematical 
expression.  If  the  table  reference  is  part  of  the  definition  of  a  function, 
the  table  arguments  may  include  dummy  arguments  of  the  function  being  defined. 


1.2.2. l*.U.l  One-dimensional  Tables 


The  one--dimensional  table  is  referenced  using  a  single  argument  and  may 
represent  an  empirical  relation  which  is  either  periodic  or  nonrepetitive. 
The  first  line  consists  of  the  table  ID,  written  as  TABLEn,  where  n  is  the 
suffix.  Subsequent  lines  specify  number  pairs  which  define  the  empirical 
relation.  The  format  is: 

TABLEn 


where:  x  =  the  kth  coordinate  value  corresponding  to  the  table  argument 

K 

y  =  the  kth  value  of  the  table  corresponding  to  x 

K  K 

Periodic  or  repetitive  tables  may  be  specified  by  inserting  the  letter  R 
for  the  value  of  y  .  This  indicates  that  the  table  is  to  be  repeated 
indefinitely  with  a  period  x^  -  x  .  Otherwise,  the  table  will  terminate 
and  produce  a  value  of  y^  for  all  arguments  greater  than  x^. 

Regardless  of  whether  the  table  is  repetitive  or  not,  for  values  of  argument 
less  than  x^,  the  table  will  furnish  a  value  of  y^. 

References  to  one-dimensional  tables  occur  at  some  other  point  in  the  NET 
input,  for  example,  as  circuit  element  values: 

V7  5  9  TABLE8(TIME) 

This  indicates  that  the  value  of  V7  is  an  arbitrary  function  of  TIME,  as 
given  by  TABLE8. 

Values  between  the  specified  points  are  determined  by  straight  line  inter¬ 
polation. 

An  example  of  a  periodic  table  definition  corresponding  to  the  curve  shown 
in  Fig.  1-1  is: 

TABLED 3 

2  3 

2.5  1* 

3  5 

U  1.5 

fc.5  1 

5  R 
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Note  that  the  initial  value  of  3  is  maintained  for  all  values  of  independent 
variable  less  than  2,  and  that  the  table  has  a  period  of  3  for  all  values 
of  independent  variable  greater  than  2. 


1.2 .2 .k  .h .2  Two-dimensional  Tables 


The  two-dimensional  table  is  referenced  using  two  arguments  and  may  represent 
an  empirical  function  of  two  variables  which  is  nonperiodic.  The  first  line 
of  the  table  definition  consists  of  the  table  ID,  written  as  TABLEn,  where  n 
is  the  suffix,  followed  by  an  integer  which  specifies  the  number  of  values 
of  the  second  argument  which  is  to  be  used  in  defining  the  table.  The  second 
line  is  indented  and  contains  the  values  of  the  second  argument.  Subsequent 
lines  are  also  indented  and  specify  the  value  of  the  first  argument  and  values 
of  the  empirical  function. 


The  format  for  two-dimensional  table  definition  is: 


If  the  argument  values  used  in  the  table  lookup  fall  outside  the  defined 
range  of  the  table,  the  table  value  at  the  closest  point  on  the  edge  of 
the  table  will  be  used. 


1.2. 2. 5  X  Variables 

The  user  may  define  variables  by  means  of  mathematical  expressions.  These 
variables  may  in  turn  be  referenced  in  ether  mathematical  expressions  and 
used  for  output  purposes.  The  variables  are  called  X  variables  and  are 
represented  symbolically  by  Xn.  For  example,  a  definition  of  X^5  might 
be 

Xl+5  =  SIN(SQRT(N(0UTPUT) )  +  3.5) 

Xl*5  can  then  be  referenced  in  the  same  manner  as  any  other  variable  in  NET-2 

X32  =  5.7*X!;5/(TIME  +  2) 

STATE 3 

PL0T  X32  VS  XU5 

The  user  may  also  define  and  reference  the  time  derivatives  of  X  variables. 
These  are  distinguished  from  X  variables  by  the  symbolic  form  X'n  where  Xn 
is  the  related  X  variable. 

X’789  =  12*R1  +  3 
X5  =  X’789/2.5 

NET-2  will  automatically  integrate  all  X'  variables  and  differentiate  all  X 
variables.  Thus,  the  corresponding  X  and  X'  quantities  that  have  been  auto¬ 
matically  determined  by  NET-2  are  available  for  reference.  For  example: 

Xi+5  =  SIN  ( SQRT  (N(0UTPUT))  +  3.5) 

X'789  =  12#R1  +  3 
X3  =  X'l*5/X789 

The  user  is  not  permitted  to  define  both  a  particular  X  variable  and  its 
corresponding  time  derivative. 

There  are  restrictions  on  the  usage  of  X  and  X'  variables.  These  are: 

a.  They  may  not  be  involved  in  simultaneous  relationships. 

b.  They  are  not  available  for  frequency  domain  calculations. 


1.2. 2. 6  Functions 


There  are  certain  mathematical  relationships  whose  form  is  used  over  and 
over  again.  These  relationships  may  be  expressed  as  functions. 

A  function  definition  consists  of  the  function  name,  a  set  of  dummy  argu¬ 
ments,  and  a  defining  mathematical  expression.  The  mathematical  expression 
is  written  in  terms  of  the  d’muny  arguments  and  may  include  other  quantities 
as  well.' 

The  names  for  the  dummy  arguments  may  be  of  any  length  and  composed  at  will 
from  the  alphanumeric  characters,  provided  there  is  not  any  conflict  between 
the  name  chosen  and  sequences  of  characters  which  have  other  meanings  to 
NET-2.  The  dummy  argument  name  must  begin  with  an  alphabetic  character. 

Examples  of  legal  names  for  dummy  arguments  ar<*  A1 ,  AFG ,  AFG23,  A2B, 

A2B56,  etc. 

A  function  definition  is  generally  written  on  indentation  level  0  (exceptions 
will  be  noted  in  later  chapters).  It  begins  with  the  function  name  (always 
of  the  form  Fn) ,  immediately  followed  by  an  ordered  set  of  dummy  arguments 
enclosed  in  parentheses.  The  dummy  arguments  are  separated  by  commas.  Next 
comes  an  equal  sign,  followed  by  the  defining  mathematical  expression.  For 
example : 

F56(A,B,C)  =  A*C0S(P1)  +  B/TIME  +  C 

At  some  other  point  in  the  NET-2  input  there  occurs  a  function  reference 
which  is  of  the  same  form  as  the  left  side  of  the  function  definition 
equation,  except  that  the  dummy  arguments  may  be  replaced  by  known  quantities, 
including  numerical  constants  and  mathematical  expressions. 

An  example  of  a  reference  to  the  function  F56  defined  above  is: 

C23  6  9  F56(3,N(3),F2(TABLE2(X13/I(C5)))) 

Arguments  in  a  function  reference  may  be  written  as  any  mathematical  expres¬ 
sion.  If  the  function  reference  is  part  of  the  definition  of  another  function, 
the  arguments  of  the  referen««d  function  may  include  dummy  arguments  of  the 
function  being  defined. 


1.2. 2. 7  Computational  Delay... 

NET  is  not  yet  capable  of  handling  all  user  specified  mathematical  relation¬ 
ships  in  truly  simultaneous  fashion.  Whenever  simultaneity  cannot  be  observed 
a  warning  message  will  be  printed  to  inform  the  user  that  computational  delay 
may  be  present  in  the  computed  results. 
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Computational  delay  occurs  when  previous  values  of  a  computed  quantity 
are  used  to  evaluate  a  mathematical  expression  instead  of  current  values. 
NET  will  perform  simultaneous  computations  whenever  possible  in  which 
case  computational  delay  will  not  occur. 

The  user  may  request  NET  to  abort  a  run  in  the  event  computational  delay 
occurs.  This  is  done  by  including  the  card: 

DEBUG  1+3 

An  example  of  a  situation  in  which  computational  delay  presently  occurs 
is : 

R6  5  9  SQRT(V(C7)) 

In  this  example  the  value  of  R6  depends  upon  the  voltage  across  C7. 
However,  the  voltage  across  C7  depends  upon  the  network  solution  and  thus 
upon  the  value  of  R6.  A  computational  delay  will  be  introduced  such  that 
R6  will  be  evaluated  first,  using  the  voltage  across  C7  at  the  previous 
time  point.  Then  the  network  solution  will  be  calculated  using  this  value 
for  R6.  This  leads  to  a  new  value  of  the  voltage  across  C7  which  may  not 
simultaneously  satisfy  the  R6  relationship.  Thus  a  computational  delay 
has  been  introduced  due  to  the  nonsimultaneity  of  the  solution. 

The  validity  of  frequency  domain  calculations  cannot  be  guaranteed  for 
networks  which  have  computational  delay. 


1.2.3  Modification  of  Values 


Initially,  all  element  values  are  determined  by  the  values  associated  with 
the  network  element  descriptions  and  by  the  device  parameter  values  read 
from  the  Device  Parameter  Library.  Any  of  these  initial  values  which  have 
been  defined  as  numerical  constants  may  be  permanently  altered  before  any 
calculation  begins  by  means  of  the  PARAMETER  Entry  which  reads  in  new 
values  for  specific  elements  and  device  parameters.  The  final  values  in 
use  after  modification  by  the  PARAMETER  Entry  are  called  the  nominal  values, 
and  all  calculations  proceed  from  these  nominal  values  unless  subsequently 
altered  by  the  Optimization  calculation. 

In  the  network  description,  all  parameter  values  are  prescribed  as  either 
numerical  constants  or  some  symbolic  expression.  They  must  remain  in 
this  prescribed  form  throughout  the  calculation,  i.e.,  numerical  constants 
cannot  be  swapped  for  symbolic  expressions  and  vice  versa.  In  this  connec¬ 
tion,  note  that  all  device  parameters  are  entered  as  numerical  constants 
from  the  device  library.  They  must  remain  as  numerical  constants  (although 
there  is  no  restriction  on  changing  their  values). 


1 ■ 2 . 3 . 1  PARAMETER  Ent ry 


Any  network,  parameter  value  which  has  been  defined  by  a  numerical  constant 
may  be  changed  in  the  PARAMETER  Entry.  The  ID  for  the  parameter  is  listed 
followed  by  the  new  value.  The  new  value  may  be  given  either  as  an  actual 
value  or  as  a  relative  value.  Relative  values  are  suffixed  with  an  asterisk; 
the  actual  value  is  then  the  product  of  the  initial  value  and  the  relative 
value. 

The  nominal  values  for  network  parameters  not  listed  in  the  PARAMETER  Entry 
are  the  same  as  the  initial  values. 

Device  modes  can  be  changed  by  using  the  word  M0DE  as  a  device  parameter 
name.  A  previously  assigned  mode  can  be  removed  by  using  the  word  N0NE. 

An  example  of  a  PARAMETER  Entry  is: 

PARAMETER 

R12  390 

C13  .85* 

T2.BN  150 
T3.M0DE  0FF 
T5.M0DE  N0NE 

The  PARAMETER  Entry  is  always  constructed  with  two  or  more  lines.  The  first 
line  contains  only  the  word  PARAMETER  and  always  starts  at  indentation  level  0. 
Subsequent  lines  list  the  ID  and  nominal  value  information  and  always  start 
at  indentation  level  1. 


1.2.H  Parallel  Segments 

Parallel  segments  exist  whenever  a  network  contains  several  identical  segments, 
and  these  segments  have  all  connection  points  into  the  rest  of  the  network  in 
common  (i.e.,  the  segments  are  in  parallel  with  each  other).  NET-2  element 
description  formats  have  special  provisions  for  describing  such  parallel 
segments.  This  feature  should  be  used  whenever  possible  in  order  to  minimize 
computing  time. 

In  describing  parallel  segments  to  NET,  node  names  and  ID's  are  assigned 
within  only  one  of  the  segments.  The  element  descriptions  for  that  segment 
are  then  tagged  with  a  number  in  parentheses  to  indicate  how  many  parallel 
segments  are  represented. 

The  values  specified  for  the  elements  and  device  parameters  in  parallel 
segments  are  for  a  single  element  only.  Similarly,  all  response  variables 
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associated  with  a  given  element  represent  a  single  element  only.  NET 
internally  scales  the  numbers  to  account  Cor  the  paraliel  nature  of  the 
network  during  the  calculation. 


The  parallel  segment  designation  when  used  is  always  placed  immediately 
following  the  ID.  Examples  are: 


L2  (4)  5  8  .45 

R3  (6)  6  2  39 

C7  (2)  5  9  15.5 

T3  (3)  2  7  5  2N1509 

D7  (2)  4  8  IN784 

134  (7)  2  7  .75 

The  use  of  parallel  segment  designation  with  certain  elements  is  meaningless 
The  inadvertent  use  of  the  parallel  segment  designation  in  a  meaningless 
situation  does  not  cause  any  harm,  however. 


1.3  Time  Domain  Response 

NET-2  has  the  capability  of  calculating  the  nonlinear  time  domain  response 
of  any  arbitrary  network  configuration  which  can  be  described  to  the  program 
The  time  domain  response  includes  both  the  DC  steady  state  solution  and  the 
transient  solution.  The  steady  state  solution  is  always  calculated  first, 
and  serves  as  the  initial  conditions  for  the  transient  solution. 

The  time  domain  response  is  controlled  by  user  specification  of  the  time 
variable.  This  is  accomplished  in  several  alternative  ways  to  provide 
flexibility  for  the  user.  In  addition,  NET-2  may  exert  internal  control 
on  the  time  variable  in  nonlinear  network  calculations  for  purposes  of 
maintaining  solution  accuracy. 


1.3.1  Time  Variable 


The  independent  variable  in  the  time  domain  calculation  is  time.  This 
quantity  may  be  specified  by  the  user  for  purposes  of  indicating  the  time 
at  which  certain  action  is  to  be  taken,  such  as  delivering  output  or  eval¬ 
uating  objective  functions  in  an  OPTIMIZE  solution.  The  time  variable  is 
always  specified  symbolically  by  TIME  and  any  value  assigned  to  it  by  the 
user  must  always  be  expressed  as  a  numerical  constant.  The  user  may  refer 
to  the  current  value  of  TIME  at  any  point  in  a  calculation. 

TIME  has  a  value  of  zero  during  the  DC  steady  state  calculation. 


16 


NET  calculates  the  transient  solution  by  using  a  trapezoidal  implicit 
integration  method  which  involves  advancing  the  solution  from  one  time 
point  to  the  next  through  a  series  of  time  steps.  The  size  of  these  time 
steps  generally  affects  the  accuracy  of  the  transient  solution. 

A  general  rule  of  thumb  is  that  the  time  step  size  must  be  small  enough  so 
that  any  response  which  is  changing  in  the  network  is  followed  adequately. 
This  implies  that  if  the  response  is  changing  very  slowly  or  not  changing 
at  all  a  large  time  step  may  be  used.  Since  the  integration  method  in  the 
program  is  stable  such  a  large  time  step  is  useable  under  these  conditions. 

In  estimating  time  step  size  let  us  imagine  the  solution  as  being  available 
at  only  discrete  points  in  time,  these  points  corresponding  to  the  end  of 
each  time  step.  Let  the  solution  points  be  connected  by  straight  line  seg¬ 
ments.  If  this  representation  adequately  describes  the  solution,  then  the 
time  step  size  is  probably  of  the  right  magnitude. 

Two  points  should  be  kept  in  mind  when  applying  the  preceding  rule.  First, 
there  will  be  some  integration  error  introduced  (generally  evident  as  a  time 
lag)  and  this  error  may  cause  appreciable  inaccuracies  in  the  solution  as  a 
function  of  time  for  large  values  of  time  (i.e.,  the  time  lag  errors  can 
become  cumulative).  Secondly,  all  variables  involved  in  the  solution  (i.e., 
all  node  voltages  and  element  currents)  must  be  considered  in  making  the  time 
step  estimate,  not  just  those  quantities  which  are  to  be  delivered  as  output. 

The  user  is  required  to  impose  some  form  of  time  step  control  whenever  a 
transient  solution  is  requested.  This  may  be  done  by  specifying  a  maximum 
time  step  constraint  (MAXSTEP  Entry),  by  specifying  particular  values  of 
TIME,  or  both. 

The  MAXSTEP  Entry  specifies  an  upper  bound  for  the  time  step  size  during 
the  transient  solution.  This  entry  is  mandatory  if  there  is  no  nonzero 
value  of  TIME  specified  and  a  transient  solution  is  required.  If  nonzero 
TIME  values  are  specified,  the  entry  is  optional. 

The  user  may  specify  nonzero  values  of  time  using  TIME  as  a  swept  variable 
in  a  State  or  Optimization  solution.  This  type  of  specification  informs  NET 
of  the  points  in  time  where  output  is  required;  the  program  must  obviously 
take  time  steps  no  larger  than  the  interval  bet-ween  two  successive  time 
point  requests.  However,  since  this  interval  may  be  too  large  for  desired 
computational  accuracy,  the  MAXSTEP  Entry  may  be  employed  in  conjunction 
with  the  TIME  swept  variable  specification  to  control  the  maximum  time 
step  size.  In  any  event,  if  both  MAXSTEP  and  TIME  swept  variable  control 
are  present,  NET  will  use  the  smaller  of  the  time  steps  imposed  by  each 
as  the  actual  time  step  at  a  given  point  in  the  transient  solution. 


If  the  network  contains  nonlinear  elements,  NET  may  employ  a  time  step  smaller 
than  that  imposed  by  the  user  to  insure  convergence  of  the  nonlinear  network 
element  response.  NET  contains  provisions  for  halving  the  time  step  whenever 
satisfactory  convergence  of  nonlinear  elements  cannot  be  achieved  in  ten 
iterations.  If  the  time  step  is  halved  twenty  times  in  succession  without 
achieving  convergence,  the  run  is  aborted  with  an  error  message.  On  the 
other  hand,  if  convergence  is  obtained  in  less  than  three  iterations  and 
the  time  step  controls  imposed  by  the  user  permit,  NET  will  double  the  time 
step.  This  automatic  halving  and  doubling  of  time  step  is  controlled  inter¬ 
nally  by  NET  and  is  subject  to  all  time  step  constraints  imposed  by  the  user. 


1.3. 2.1  MAXSTEP  Entry 

It  is  possible  to  constrain  the  maximum  time  step  size  during  the  transient 
solution  with  the  MAXSTEP  Entry.  The  format  is: 

MAXSTEP  =  Value 

where  Value  may  be  a  numerical  constant  or  any  mathematical  expression.  If 
the  MAXSTEP  Entry  is  not  specified  but  the  circuit  contains  nonlinear  elements 
the  program  will  automatically  employ  a  maximum  time  step  consistent  with  internal 
convergence  criteria. 

There  is  only  one  MAXSTEP  Entry  permitted  and  it  must  appear  at  indentation 
level  0. 

The  user  may  reference  the  value  of  MAXSTEP  by  using  the  symbolic  name 
MAXSTEP . 


1.3. 2. 2  Time  Step  References 

During  the  transient  solution  the  time  step  in  use  may  be  referenced  by  the 
user  through  the  symbolic  name  DELTAT.  The  DELTAT  variable  may  be  used  in 
any  mathematical  expression.  During  the  DC  steady  state  solution  DELTAT  will 
have  a  value  of  unity. 


1.3.3  TERMINATE  Entry 

The  user  always  specifies  the  value  of  time  at  which  termination  cf  the 
transient  solution  occurs.  This  time  value  can  be  expressed  either  as  a 
specific  numerical  value  or  it  may  be  specified  indirectly,  i.e.,  termination 
occurs  as  soon  as  a  prescribed  condition  occurs. 
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The  TERMINATE  Entry  permits  the  user  to  specify  the  prescribed  condition  for 
termination.  The  format  is: 

TERMINATE  =  Value 

where  Value  is  any  mathematical  expression.  Termination  occurs  as  soon  as 
the  value  of  the  mathematical  expression  becomes  greater  than  zero.  Note 
that  termination  can  occur  at  zero  time.  If  numerical  values  are  specified 
for  the  time  variable  in  a  particular  calculation,  the  word  FINAL  will  be 
required  to  activate  the  TERMINATE  feature  (See  6.1.5). 

There  is  only  one  TERMINATE  Entry  permitted  and  it  must  appear  at  indentation 
level  0. 

The  user  can  reference  the  value  of  the  mathematical  expression  by  using  the 
symbolic  name  TERMINATE. 


I.3.1*  Nuclear  Radiation  Effects 


NET-2  contains  facilities  for  studying  the  effects  of  gamma  and  neutron 
radiation  on  network  performance.  The  effects  are  calculated  only  when 
the  NET-2  input  contains  either  a  gamma  radiation  source  or  a  neutron 
radiation  source. 

In  addition  to  specific  radiation  effects  behavior  which  is  included  in  many 
of  the  modeled  devices,  NET-2  contains  a  primary  photocurrent  generator  cir¬ 
cuit  element  which  may  be  used  both  to  augment  existing  radiation  effects 
models  and  as  a  separate  photocurrent  generator  for  providing  basic  radiation 
effects  behavior. 


1. 3.^.1  Gamma  Radiation  Source 


The  user  may  include  a  gamma  radiation  source  in  the  NET-2  input  for  purposes 
of  studying  the  effects  of  gamma  radiation  on  network  performance.  The 
gamma  radiation  source  provides  either  the  gamma  rate  or  the  gamma  dose  as 
a  function  of  time  for  all  gamma  radiation  effects  included  in  the  modeled 
devices  and  for  the  primary  photocurrent  generator  circuit  element. 

The  format  for  specifying  the  gamma  radiation  source  as  a  gamma  rate  is: 

GAMD0T  =  Value 

where  Value  =  gamma  rate  as  a  function  of  time. 

Alternatively,  the  user  may  wish  to  specify  the  gamma  radiation  source  as 
a  gamma  dose.  The  format  is: 

GAMMA  =  Value 

where  Value  =  gamma  dose  as  a  function  of  time. 


The  user  may  specify  either  the  GAMD0T  Entry  or  the  GAMMA  Entry  but  not 
both.  NET-2  will  automatically  integrate  the  gajnma  rate  or  differentiate 
the  gamma  dose  so  that  both  rate  and  dose  information  are  available  inter¬ 
nally  to  the  program. 

The  GAMD0T  Entry  may  specify  a  nonzero  gamma  rate  at  time  zero  to  permit 
DC  steady  state  gamma  rate  effects  to  be  calculated;  in  such  event  the 
time  zero  gamma  dose  is  assumed  to  be  zero.  Similarly,  the  GAMMA  Entry 
may  specify  a  nonzero  gamma  dose  at  time  zero  to  permit  DC  steady  state 
gamma  dose  effects  to  be  calculated;  in  such  event  the  time  zero  gamma 
rate  is  assumed  to  be  zero. 

Only  one  gamma  radiation  source  may  be  specified  and  it  must  occur  at 
indentation  level  0. 

The  user  may  reference  both  the  gamma  radiation  source  values  by  using  the 
symbolic  names  GAMMA  and  GAMD0T. 


1.3. ^.2  Neutron  Radiation  Source 

The  user  may  include  a  neutron  radiation  source  in  the  NET-2  input  for 
purposes  of  studying  the  effects  of  neutron  radiation  on  network  perfor¬ 
mance.  The  neutron  radiation  source  provides  the  neutron  rate  as  a 
function  of  time  for  all  neutron  radiation  effects  included  in  the  modeled 
devices.  Provisions  are  also  included  for  specifying  initial  accumulated 
neutron  dose  to  permit  automatic  degradation  of  modeled  device  parameters 
due  to  previous  neutron  damage.  The  DC  steady  state  solution  includes  all 
effects  due  to  initial  accumulated  neutron  dose. 

The  format  for  the  neutron  radiation  source  is: 

NEUT  =  Value,  4> 

o 

where:  <J>  =  initial  accumulated  neutron  dose  at  TIME  =  0 

o 

Value  =  neutron  rate  as  a  function  of  time 

The  total  neutron  dose  or  fluence  at  time  t  is  automatically  calculated, 
by  NET -2  as 

t 

$(t)  =  $o  +  J  4>  ( X  )dA 
0 

where  <j>(X)  is  the  instantaneous  value  of  the  NEUT  Entry  at  time  X. 

The  NEUT  Entry  is  written  at  indentation  level  0.  There  may  be  only  one 
NEUT  Entry  specified. 

The  user  may  reference  the  neutron  rate  and  the  neutron  dose  by  using  the 
symbolic  names  NRATE  and  ND0SE,  respectively. 
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1.3.5  Time  Domain  Response  Variables 


The  user  may  reference  the  voltage  at  any  node  in  the  network  with  respect 
to  the  global  network  ground  node,  including  nodes  inside  of  modeled  devices, 
by  using  the  symbolic  notation  N(x)  where  x  is  the  node  name. 

The  user  may  reference  the  value  of  any  quantity  in  the  value  field  of  a 
network  element  using  the  notation  specified  in  the  description  for  that 
element  in  this  report.  Many  elements  also  have  response  variables  which 
may  be  referenced  using  notation  described  elsewhere  in  this  report  for 
specific  elements. 

1.4  Frequency  Domain  Response 

NET-2  has  the  capability  of  calculating  the  small  signal  linearized  frequency 
domain  response  of  any  network  which  is  described  to  it,  provided  that  the 
network  does  not  contain  computational  delays.  The  frequency  domain  response 
may  be  calculated  at  one  or  more  values  of  frequency,  including  zero  frequency. 

The  frequency  domain  response  is  always  evaluated  at  one  or  more  points  in 
time,  using  the  nonlinear  time  domain  solution  as  a  basis  for  establishing 
the  linearized  equivalent  network  for  the  frequency  domain.  In  the  absence 
of  a  time  value  specification,  NET-2  will  assume  the  DC  steady  state  network 
condition  as  a  basis. 


1.4.1  Frequency  Specification 

The  value  of  frequency  to  be  used  in  the  AC  small  signal  calculation  is 
specified  by  the  FREQ  variable.  The  format  is: 

FREQ  Value 

where  Value  is  always  a  numerical  constant.  If  FREQ  is  not  specified  a 
default  value  of  zero  will  be  used. 

The  FREQ  entry  occurs  at  indentation  level  0  and  is  in  effect  except  as 
modified  in  a  particular  State,  Monte  Carlo,  or  Optimization  solution. 


1.4.2  AC  Small  Signal  Variables 

The  AC  small  signal  variables  include  voltage  and  current  gain,  transfer  and 
self-impedance,  and  transfer  and  self-admittance.  They  are  calculated  as 
complex  quantitites,  consisting  of  a  magnitude  and  phase,  at  the  frequency 
specified  by  FREQ.  If  the  circuit  is  nonlinear,  the  circuit  operating  point 
is  determined  first,  then  the  small  signal  values  of  the  circuit  elements 
are  evaluated  at  that  operating  point  for  use  in  the  AC  small  signal  calcu¬ 
lations.  These  quantities  may  be  evaluated  at  zero  frequency  if  desired. 
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The  AC  small  signal  variables  are  defined  through  the  use  of  input  and 
output  ports,  where  each  port  consists  of  a  pair  of  nodes.  One  node  of 
each  pair  is  designated  as  a  reference  node.  Let  the  output  port  be 
defined  by  nodes  p  and  q  (q  is  the  reference  node)  and  let  the  input  port 
be  defined  by  nodes  r  and  s  (s  is  the  reference  node).  NET-2  then  determines 
the  desired  AC  small  signal  variable  by  effectively  connecting  either  a  zero 
impedance  voltage  source  or  a  zero  admittance  current  source  across  the  input 
port,  and  either  a  zero  admittance  voltmeter  or  a  zero  impedance  ammeter 
across  the  output  port.  The  response  variable  is  then  taken  to  be  the  ratio 
of  the  measured  response  to  the  exciting  signal.  The  exciting  signal  is  of 
infinitesimal  amplitude  and  is  a  sinusoid  at  the  specified  frequency. 

In  reality,  NET  does  not  actually  connect  sources  and  meters  into  the 
circuit,  but  calculates  the  variables  directly  from  the  circuit  impedance 
matrix.  However,  the  results  obtained  are  identical  to  applying  the  above 
measuring  technique  to  the  circuit. 

Phase  is  represented  in  radians  for  all  internal  calculations  and  is  printed 
or  plotted  in  degrees. 

The  DC  steady  state  and  transient  calculations  must  not  depend  in  any  way 
upon  the  AC  small  signal  calculation. 


l.k.2.1  AC  Small  Signal  Voltage  Gain 

The  AC  small  signal  voltage  gain  is  determined  by  effectively  connecting 
a  voltage  source  across  the  input  port  and  a  voltmeter  across  the  output 
port.  This  operation  causes  the  input  port  to  be  short  circuited  for  the 
small  signal  only  -  the  operating  point  is  not  disturbed. 

The  notation  for  the  magnitude  of  the  voltage  gain  is: 

A(p-q/r-s ) 

The  notation  for  the  phase  angle  of  the  voltage  gain  is: 

A 1 (p-q/r-s ) 

where  p,  q,  r,  and  s  are  the  names  of  the  nodes  comprising  the  ports. 


l.h.2.2  AC  Small  Signal  Current  Gain 

The  AC  small  signal  current  gain  is  determined  by  effectively  connecting 
a  current  source  across  the  input  port  and  an  ammeter  across  the  output 
port.  This  operation  causes  the  output  port  to  be  short  circuited  for 
the  small  signal  only  -  the  operating  point  is  not  disturbed. 

The  notation  for  the  magnitude  of  the  current  gain  is: 

B(p-q/r-s) 

The  notation  for  the  phase  angle  of  the  current  gain  is: 

B' (p-q/r-s ) 

where  p,  q,  r,  and  s  are  the  names  of  the  nodes  comprising  the  ports. 
l.U.2.3  AC  Small  Signal  Impedance 

The  AC  small  signal  impedance  is  determined  by  effectively  connecting  a 
current  source  across  the  input  port  and  a  voltmeter  across  the  output 
port . 

If  the  input  and  output  ports  are  different,  the  transfer  impedance  will 
result;  if  the  ports  are  the  same,  the  port  self-impedance  will  result. 

The  notation  for  the  magnitude  of  the  impedance  is: 

Z(p-q/r-s ) 

The  notation  for  the  phase  angle  of  the  impedance  is: 

Z'  (p-q/r-s ) 

where  p,  q,  r,  and  s  are  the  names  of  the  nodes  comprising  the  ports. 


The  AC  small  signal  admittance  is  determined  by  effectively  connecting  a 
voltage  source  across  the  input  port  and  an  ammeter  across  the  output  port. 
This  operation  causes  both  the  input  and  output  ports  to  be  short  circuited 
for  the  small  signal  only  -  the  operating  point  is  not  disturbed. 

If  the  input  and  output  ports  are  different,  the  transfer  admittance  will 
result;  if  the  ports  are  the  same,  the  port  self-admittance  will  result. 

It  should  be  noted  that  in  general  the  transfer  admittance  is  not  the  same 
as  the  reciprocal  of  the  transfer  impedance. 

The  notation  for  the  magnitude  of  the  admittance  is: 

Y(p-q/r-s ) 

The  notation  for  the  phase  angle  of  the  admittance  is: 

Y'  (p-q/r-s ) 

where  p,  q,  r,  and  s  are  the  names  of  the  nodes  comprising  the  ports. 


2.  ELECTRICAL  CIRCUIT  ELEMENT'D 


This  chapter  describes  the  electrical  circuit  elements  available  in  NET -2. 
For  each  circuit  element  information  is  included  on  the  element  description 
format ,  the  mathematical  relationships  which  describe  the  behavior  of  the 
element,  and  the  response  variables  associated  with  the  element. 

The  parallel  segment  designation  is  shown  in  the  element  format  whenever 
it  is  applicable  to  the  element .  The  inadvertent  use  of  parallel  segment 
designation  with  an  element  to  which  it  is  not  applicable  does  no  harm. 

The  parallel  segment  designation  is  always  optional. 

Value  fields  in  the  description  format  may  be  expressed  as  either  numer¬ 
ical  constants  or  mathematical  expressions.  Multiple  values  must  always 
be  separated  by  commas .  The  values  of  device  parameters  must  always  be 
expressed  as  numerical  constants  since  they  are  stored  in  and  retrieved 
from  a  Device  Parameter  Library  which  does  not  have  the  capability  of 
handling  mathematical  expressions. 


2.1  Resistor 


The  format  for  a  resistor  is: 

Rn  (p)  a  b  Rvalue 

where:  Rn  =  element  ID 

p  =  optional  parallel  segment  designation 
a  and  b  =  node  names 
Rvalue  =  resistance  value 

The  resistor  must  not  assume  a  value  of  zero. 

The  resistor  voltage  v  is  given  by 

v  =  e  -  e. 
a  b 

where  e  and  e  are  the  node  voltages  at  nodes  a  and  b ,  respectively . 

8,  D 

The  resistor  current  i  is  given  by 
i  =  v/R 

where  R  is  the  resistance  value. 

The  power  dissipation  P  is  given  by 
P  =  iv 

The  user  may  reference  the  resistance  value,  the  resistor  voltage, 
the  resistor  current,  and  the  power  dissipation  by  using  the  symbolic 
names  Rn,  V(Rn),  l(Rn),  and  P(Rn)  ,  respectively. 
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2.2  Voltage  Controlled  Conductance 

A  special  element  is  available  for  describing  a  resistor  whose  conductance 
is  proportional  to  the  voltage  across  a  node  pair. 

The  format  for  the  element  is: 

VCGn  (p)  f  g  a  b  K 

where:  VCGn  =  element  ID 

p  =  optional  parallel  segment  designation 
f  and  g  =  node  pair  node  names 

a  and  b  =  node  names  for  element  connection  points 
K  =  value  of  proportionality  factor 

The  conductance  is  inserted  into  the  network  between  nodes  a  and  b.  The 
conductance  value  G  is  given  by 

G  =  K(e  -  e  ) 

I  s 

where  e  and  e  are  the  node  voltages  at  nodes  f  and  g,  respectively. 

I  6 

The  voltage  v  across  the  conductance  is  given  by 


where  e&  and  efa  are  the  node  voltages  at  nodes  a  and  b,  respectively. 
The  current  i  flowing  through  the  conductance  is  given  by 
i  =  Gv 

The  power  dissipation  P  of  the  conductance  is  given  by 
P  =  iv 

The  user  may  reference  the  proportionality  factor  K,  the  voltage 
across  the  conductance,  the  current  through  the  conductance,  and  the 
power  dissipation  in  the  conductance  by  using  the  symbolic  names  VCGn, 
V(VCGn),  i(VCGn),  and  P(VCGn) ,  respectively. 
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2.3 


Capacitor 


The  format  for  a  capacitor  is: 

Cn  (p)  a  b  Cvalue 

where:  Cn  =  element  ID 

p  =  optional  parallel  segment  designation 
a  and  b  =  node  names 
Cvalue  =  capacitance  value 

The  capacitor  voltage  v  is  given  by 


e  -  e 
a  b 


where  e  and  e,  are  the  node  voltages  at  nodes  a  and  b,  respectively, 
a  b 

The  capacitor  current  i  is  given  by 


‘  =  =  1  * 


dC 

dt 


where  C  is  the  capacitance  value. 

The  electric  charge  Q  on  the  capacitor  is  given  by 
Q  =  Cv 

The  energy  E  stored  in  the  electric  field  of  the  capacitor  is  given  by 
E  =  Cv2/2 

The  user  may  reference  the  capacitance  value,  the  capacitor  voltage, 

the  capacitor  current,  the  electric  charge,  and  the  stored  energy  by  using 

the  symbolic  names  Cn,  V(Cn),  l(Cn),  Q(Cn) ,  and  E(Cr.) ,  respectively. 
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2.h  Radiation  Effects  Capacitor 


A  special  capacitor  element  is  available  for  representing  the  effects  of 
discharge  and  charge  buildup  due  to  gamma  radiation  effects.  The  format 
is : 

RADCn  (p)  a  b  Cvalue,  Dvaiue,  Bvalue 

where:  RADCn  =  element  ID 

p  =  optional  parallel  segment  designation 

a  and  b  =  node  names 

Cvalue  =  capacitance  value 

Dvalue  =  discharge  coefficient  value 

Bvalue  =  charge  buildup  coefficient  value 

The  capacitor  voltage  v  is  given  by 

v  =  e  -  e, 
a  b 

where  e  and  e  are  the  node  voltages  at  nodes  a  and  b,  respectively. 

EL  D 

The  voltage  change  Av  on  the  capacitor  due  to  an  incremental  gamma  dose 
Ay  is  given  by 

Av  =  (-Dv  +  B)Ay 

where  D  is  the  discharge  coefficient,  B  is  the  charge  buildup  coefficient, 
and  v  is  the  capacitor  voltage  before  the  discharge  occurs.  The  incre¬ 
mental  gamma  dose  is  obtained  automatically  by  NET  from  the  user  specified 
GAMMA  or  GAMD0T  entries. 

The  capacitor  current  i  is  given  by 


i 


+ 


v 


dC 

dt 


where  C  is  the  capacitance  value. 

The  electric  charge  Q  on  the  capacitor  is  given  by 


Q  =  Cv 


The  energy  E  stored  in  the  electric  field  of  the  capacitor  is  given  by 
E  =  Cv2/2 

The  user  may  reference  the  capacitance  value,  the  discharge  coefficient 
value,  the  charge  buildup  coefficient  value,  the  capacitor  voltage,  the 
capacitor  current,  the  electric  charge,  and  the  stored  energy  by  using 
the  symbolic  names  RADCn,  RADCn. 1,  RADCn. 2,  V(RADCn),  i(RADCn),  Q(RADCn), 
and  E(RADCn),  respectively. 
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2 . 5  Inductor 


The  inductor  element  consists  of  an  inductance  in  series  with  a  resistance. 
The  format  is: 

V* 

Ln  (p)  a  b  Lvalue,  Rvalue 

where:  Ln  =  element  ID 

p  =  optional  parallel  segment  designation 
a  and  b  =  node  names 
Lvalue  =  inductance  value 
Rvalue  =  resistance  value 

The  resistance  value  is  optionally  specified;  if  it  is  not  specified,  NET-2 
will  supply  .0001  as  a  default  value.  The  resistance  value  may  not  assume 
a  value  of  zero  in  the  DC  steady  state  solution,  and  the  inductance  value 
and  the  resistance  value  may  not  simultaneously  assume  a  value  of  zero  in 
transient  solution  or  in  an  AC  small  signal  calculation. 

The  inductor  voltage  v  is  given  by 


where  e&  and  efe  are  the  node  voltages  at  nodes  a  and  b,  respectively. 

The  inductor  current  i  is  related  to  the  voltage  by  the  differential  equation 

T  di  .  dL  A  _. 

V  =  L  dt  +  1  dT  +  Rl 

where  L  is  the  inductance  value  and  R  is  the  resistance  value. 

The  magnetic  flux  F  in  the  inductor  is  given  by 
F  =  Li 


The  energy  E  stored  in  the  inductor  is  given  by 
E  =  Li2/2 

The  user  may  reference  the  inductance  value,  the  resistance  value,  the 
inductor  voltage,  the  inductor  current,  the  magnetic  flux,  and  the  stored 
energy  by  using  the  symbolic  names  Ln,  Ln.l,  V(Ln),  l(Ln),  F(Ln),  and 
E(Ln),  respectively. 
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2.6  Coefficient  of  Coupling 

The  coefficient  of  coupling  entry  is  used  if,  and  only  if,  mutual  inductance 
exists  between  two  inductors.  This  feature  enables  NET  to  handle  circuits 
involving  transformers.  The  format  is: 


Kn  i  j  Value 

where:  Kn  =  coefficient  of  coupling  ID 

i  and  j  =  ID's  of  the  inductors  involved 

Value  =  coefficient  of  coupling  value.  The  magnitude  of  this 
value  must  always  be  less  than  one. 

The  value  may  be  positive  or  negative,  depending  upon  the  manner  in  which 
the  connections  are  specified  in  the  description  of  the  two  inductors  in¬ 
volved.  To  determine  the  proper  sign,  the  inductors  should  be  imagined  as 
being  connected  in  series  with  the  b  connection  point  of  one  joined  to  the 
a  connection  point  of  the  other.  If  the  resulting  connection  is  such  as 
to  be  aiding  (i.e.,  inducing  an  in-phase  voltage  from  one  to  the  other  and 
increasing  the  total  inductance  of  the  series  pair),  a  positive  sign  is 
given  to  the  value  of  the  coefficient  of  coupling.  Otherwise,  the  value 
is .  negative -  - _ 

If  the  circuit  includes  several  inductors  with  coupling  among  them,  there 
must  be  a  Coefficient  of  Coupling  Entry  for  each  pair  combination. 


An  example  involving  three  mutually  coupled  inductors  is  illustrated  in 
Fig.  2-1.  The  phasing  of  the  individual  windings  is  indicated  by  the  dots 
on  the  windings.  A  correct  NET-2  description  (using  default  series  resistance 
in  the  inductors)  is: 
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The  user  may  reference  the  coefficient  of  coupling  value  by  using  Kn  as 
the  symbolic  name. 
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c 


where  e  and  e  are  the  node  voltages  at  nodes  a  and  b,  respectively. 

3,  u 

The  user  may  reference  the  switch  value  and  the  switch  voltage  by  using  the 
symbolic  names  Sn  and  V(Sn),  respectively. 
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The  voltage  source  consists  of  a  zero  impedance  voltage  generator  in  series 
with  a  resistance.  The  format  for  the  voltage  source  is: 

Vn  (p)  a  b  Evalue,  Rvalue 

where:  Vn  =  element  ID 

p  =  optional  parallel  segment  designation 
a  and  b  =  node  names 
Evalue  =  voltage  generator  value 
Rvalue  =  resistance  value 

The  resistance  value  is  optionally  specified;  if  it  is  not  specified  NET-2  will 
supply  .0001  as  a  default  value.  The  resistance  value  may  not  assume  a  value 
of  zero  during  any  calculation. 

The  terminal  voltage  v  of  the  voltage  source  element  is  given  by 

v  =  e  -  e, 
a  b 

where  e  and  e^  are  the  node  voltages  at  nodes  a  and  b,  respectively, 
a  b 

The  current  i  flowing  in  the  voltage  source  is  given  by 
P.  -  v 


where  E  is  the  voltage  generator  value  and  R  is  the  resistance  value. 

The  power  dissipation  P  is  given  by 
P  =  iv 

The  user  may  reference  the  voltage  generator  value,  the  resistance  value, 
the  terminal  voltage,  the  current  flow,  and  the  power  dissipation  by  using 
the  symbolic  names  Vn,  Vn.l,  V(Vn),  I(Vn),  and  P(Vn),  respectively. 


A  special  element  is  available  for  describing  a  voltage  source  whose  value 
is  proportional  to  the  voltage  appearing  across  a  node  pair.  This  element 
consists  of  a  zero  impedance  voltage  generator  in  series  with  a  resistance. 
The  format  is: 

VCVSn  (p)  f  g  a  b  K,  R 

where:  VCVSn  =  element  ID 

p  =  optional  parallel  segment  designation 
f  and  g  =  node  pair  node  names 

a  and  b  =  node  names  for  element  connection  points 
K  =  value  of  proportionality  factor 
R  =  resistance  value 

The  resistance  value  is  optionally  specified;  if  it  is  not  specified,  NET-2 
will  supply  .0001  as  a  default  value.  The  resistance  value  may  not  assume 
a  value  of  zero  during  any  calculation. 

The  voltage  controlled  voltage  source  is  inserted  into  the  network  between 
nodes  a  and  b.  The  voltage  generator  value  E  is  given  by 

E  =  K(e  -  e  ) 

^  & 

where  e  and  e  are  the  node  voltages  at  nodes  f  and  g  . espectively . 

^  6 

The  terminal  voltage  of  the  element  is  given  by 


where  e  and  e.  are  the  node  voltages  at  nodes  a  and  b,  respectively, 
a  b 

The  current  i  flowing  in  the  element  is  given  by 


The  power  dissipation  P  is  given  by 
P  =  iv 

The  user  may  reference  the  value  of  the  proportionality  factor  K,  the 
resistance  value  R,  the  terminal  voltage  v,  the  current  i,  and  the 
power  P  by  using  the  symbolic  names  VCVSn,  VCVSn. 1,  V(VCVSn),  i(VCVSn), 
and  P( VCVSn),  respectively. 


2 . 10  Current  Source 


: 


The  format  for  the  current  source  is: 

In  (p)  a  b  Value 

where:  In  =  element  ID 

p  =  optional  parallel  segment  designation 

a  and  b  =  node  names 

Value  =  current  source  value 


The  value  of  the  source  is  always  referred  to  node  b.  Thus,  if  a  resistor 
with  nodes  a  and  b  is  connected  across  a  positive  valued  source  with  the 
same  nodes  a  and  b,  the  voltage  at  node  a  will  be  more  positive  than  the 
voltage  at  node  b. 

Current  sources  have  zero  internal  admittance. 

Care  must  be  taken  to  avoid  current  source  cutsets  which  violate  Kirchhoff's 
current  law.  A  current  source  cutset  is  present  whenever  any  node  has  only 
current  sources  connected  to  it.  Such  configurations  are  automatically 
detected  by  NET-2.  A  diagnostic  message  is  provided. 

The  voltage  v  across  the  current  source  is  given  by 


where  e  and  e  are  the  node  voltages  at  nodes  a  and  b,  respectively. 

£L  D 

The  power  dissipation  P  is  given  by 
P  =  iv 

where  i  is  the  value  of  the  current  source. 

The  user  may  reference  the  current  source  value,  the  voltage  v,  and  the 
power  P  by  using  the  symbolic  names  In,  V(ln),  and  P(ln),  respectively. 
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2.11  Voltage  Controlled  Current  Source 

A  special  element  is  available  for  describing  a  current  source  whose  value 
is  proportional  to  the  voltage  appearing  across  a  node  pair.  The  format  is 

VCCSn  (p)  f  g  a  b  K 

where:  VCCSn  =  element  ID 

p  =  optional  parallel  segment  designation 
f  and  g  =  node  pair  node  names 

a  and  b  =  node  names  for  element  connection  points 
K  =  value  of  proportionality  factor 

The  current  i  flowing  in  the  source  is  given  by 

i  =  K(e  -  e  ) 
i  g 


where  e„  and  e 
f  g 


are  the  node  voltages  at  nodes  f  and  g,  respectively. 


The  current  flow  value  is  always  referred  to  node  b.  Thus,  if  a  resistor 
with  nodes  a  and  b  is  connected  across  a  source  with  positive  current  with 
the  same  nodes  a  and  b,  the  voltage  at  node  a  will  be  more  positive  than 
the  voltage  at  node  b. 


Care  must  be  taken  to  avoid  current  source  cutsets  which  violate  Kirchhoff's 
current  law.  A  current  source  cutset  is  present  whenever  any  node  has  only 
current  sources  connected  to  it.  Such  configurations  are  automatically 
detected  by  NET.  A  diagnostic  message  will  be  provided. 

The  voltage  v  across  the  current  source  is  given  by 


v  =  e  -  e, 
a  b 


where  e^  and  e^  are  the  node  voltages  at  nodes  a  and  b,  respectively. 
The  power  dissipation  P  is  given  by 
P  =  iv 


The  user  may  reference  the  value  of  the  proportionality  factor  K,  the 
current  i,  the  voltage  v,  and  the  power  dissipation  P  by  using  the 
symbolic  names  VCCSn,  i(VCCSn),  V(VCCSn),  and  p(VCCSn),  respectively. 
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2.12  Nonlinear  Voltage  Controlled  Current  Source 

A  special  element  is  available  for  describing  a  current  source  whose  value 
is  an  empirical  function  of  the  voltage  appearing  across  the  current  source. 

The  format  is: 

NLVCCSn  (p)  TABLEm  a  b 

where:  NLVCCSn  =  element  ID 

p  =  optional  parallel  segment  designation 
TABLEm  =  ID  for  one-dimensional  table  involved 
a  and  b  =  node  names 

The  empirical  nonlinear  relationship  is  expressed  by  TABLEm.  The  current  i 
flowing  in  the  source  is  given  by 

i  =  TABLEm  (e  -  ej 
a  b 

where  e  and  e.  are  the  node  voltages  at  nodes  a  and  b,  respectively, 
a  b 

The  current  flow  value  is  always  referred  to  node  b.  Thus,  if  a  resistor 
with  nodes  a  and  b  is  connected  across  a  source  with  positive  current  with 
the  same  nodes  a  and  b,  the  voltage  at  node  a  will  be  more  positive  than 
the  voltage  at  node  b. 

The  voltage  v  across  the  current  source  is  given  by 

v  =  e  -  e, 
a  b 

The  power  dissipation  P  is  given  by 
P  =  iv 

The  user  may  reference  the  current  i,  the  voltage  v,  and  the  power  dissipation 
P  by  using  the  symbolic  names  i(NLVCCSn),  V(NLVCCSn),  and  P(NLVCCSn),  respectively. 


37 


2.13  Primary  Photocurrent  Generator 


NET-2  includes  a  primary  photocurrent  generator  as  a  circuit  element.  Many 
of  the  modeled  devices  already  include  this  element  as  part  of  the  model. 

The  availability  of  this  circuit  element  enhances  the  radiation  effects 
capability  of  NET-2.  The  element  has  zero  admittance. 

The  format  for  the  primary  photocurrent  generator  is: 

IPPn  (p)  a  b  A1,  k^,  k^ 

where:  IPPn  =  element  ID 

p  =  optional  parallel  segment  designation 

a  and  b  =  node  names 

A^,  A^,  A^  =  coefficient  values 

The  value  of  the  photocurrent  generator  i  for  a  single  carrier  type  (usually 
minority  carriers)  is  given  by  theory  as 

t  -A/A 

i  (t )  =  A  g(t )  +  A  f  g(t-A)  6 - dA 

1  d  J  /  rr  A 

o 


where  g(t)  is  the  rate  at  which  energy  from  gamma  radiation  is  received  as 
a  function  of  time.  In  practice  it  is  very  laborious  to  compute  this  con¬ 
volution  integral.  Accordingly,  the  integral  is  approximated  in  NET-2  as 
follows:  Let  g(t)  be  discretized  as  a  series  of  step  functions  g  at  time 

rp  J 


g(t)  =£  g.  u(t-T  ) 
j  J  J 


where  g^  =  g(Tj+)  -  gfT^) 


and  g(t)  =  g(0)  for  t  <_  0. 


The  current  i  is  then  given  by 


/t— T 

i(t )  =  Axg(t)  +  A2  gj  u(t-Tj)  erf/-~J- 

i  \  3 
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NET-2  approximates  the  error  function  as 


erf  /x  -  1-e 


The  error  introduced  in  using  this  approximation  is  shown  in  Fig.  2-2. 

The  relative  error  is  greatest  for  small  values  of  x,  which  corresponds 
to  small  values  of  time  or  large  values  of  A^. 

The  quantity  g(t)  is  specified  by  the  GAMD0T  Entry  (or  equivalently,  the 
time  derivative  of  the  GAMMA  Entry).  If  the  duration  of  the  gamma  radi¬ 
ation  pulse  is  short  compared  to  t/A^  in  the  above  approximation,  errors 
in  the  amplitude  of  i  will  result.  The  user  can  compensate  for  this 
error  by  modifying  the  value  of  coefficient  A^. 

The  time  step  used  in  integrating  the  transient  response  will  also  be  used 
in  forming  the  discrete  steps  for  the  g(t)  radiation  pulse.  Thus,  a  time 
step  of  1  nanosecond  causes  g(t)  to  be  approximated  as  a  series  of  step 
functions,  with  an  interval  of  1  nanosecond  between  steps.  The  error 
function  approximation  given  above  leads  to  a  first  order  differential 
equation  which  is  integrated  by  NET-2  to  give  the  primary  photocurrent 
value . 

The  value  of  the  primary  photocurrent  generator  is  always  referred  to 
node  b.  Thus,  if  a  resistor  with  nodes  a  and  b  is  connected  across  a 
positive  valued  photocurrent  generator  with  the  same  nodes  a  and  b,  the 
voltage  at  node  a  will  be  more  positive  than  the  voltage  at  node  b. 

Care  must  be  taken  to  avoid  current  source  cutsets  which  violate  Kirchoff's 
current  law.  A  current  source  cutset  is  present  whenever  any  node  has  only 
current  sources  connected  to  it.  Such  configurations  are  automatically 
detected  by  NET-2.  A  diagnostic  message  is  provided. 

The  voltage  across  the  current  source  is  given  by 


where  e  and  e  are  the  node  voltages  at  nodes  a  and  b,  respectively. 

8.  D 

The  power  dissipation  P  is  given  by 
P  =  iv 

The  user  may  reference  the  coefficient  A^,  the  coefficient  A2,  the  coef¬ 
ficient  A3,  the  current  i,  the  voltage  v,  and  the  power  dissipation  P  by 
using  the  symbolic  names  IPPn,  IPPn.l,  IPPn.2,  i(lPPn),  V(lPPn),  and 
P(lPPn),  respectively. 
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2 . ih  Transmission  Line 


NET -2  contains  a  model  for  a  two-wire  uniform  transmission  line.  The 
format  is: 

TLINEn  (p)  a  b  c  m  Z,  T,  R 

where:  TLINEn  =  element  ID 

p  =  optional  parallel  segment  designation 
a  =  node  name  for  terminal  node  a 

b  =  node  name  for  terminal  node  b 

c  =  node  name  for  common  terminal  node 

m  =  internal  buffer  size  (must  be  an  integer  numerical  constant) 

Z  =  value  of  characteristic  line  impedance 

T  =  delay  time  value  for  a  one-way  traversal  of  line 

R  =  value  of  series  line  resistance  between  nodes  a  and  b 

The  transmission  line  model  can  be  considered  to  be  equivalent  to  a  lumped 
parameter  LC  section  line  containing  m  sections.  The  total  series  resis¬ 
tance  R  can  be  considered  to  be  distributed  along  the  line  so  that  each 

inductor  in  the  LC  equivalent  has  a  series  resistance  of  R/m.  The  series 
resistance  must  not  assume  a  value  of  zero  during  the  DC  steady  state  cal¬ 
culation.  The  series  line  resistance  is  ignored  (i.e.,  a  zero  value  is 
assumed)  in  the  AC  small  signal  calculation.  The  series  resistance  speci¬ 
fication  is  optional;  NET-2  will  supply  .0001  as  a  default  value. 

The  transmission  line  has  two  ports  ,  formed  by  nodes  a  and  c  on  one  end  of 
the  line,  and  by  nodes  b  and  c  on  the  other  end  of  the  line.  Nodes  a  and 
b  are  completely  interchangeable. 

Information  is  stored  in  the  line  at  successive  values  of  time,  where  the 
average  time  between  successive  information  values  is  T/m.  The  element 
contains  an  internal  buffer  for  purposes  of  storing  the  information.  The 
internal  buffer  size  m  specifies  the  maximum  number  of  time  points  which 
may  be  stored  in  the  element  at  any  one  time.  Increasing  the  buffer  size 
requires  additional  computer  core  storage  space  but  does  not  appreciably 
alter  the  computation  time. 

The  transmission  line  model  may  be  coupled  to  any  kind  of  load,  including 
nonlinear  and  reactive  loads.  It  may  also  be  connected  to  other  trans¬ 
mission  line  elements.  The  model  exhibits  the  proper  reflection  and 
transmission  behavior. 

The  user  may  reference  the  characteristic  impedance  Z,  the  time  delay  T, 
the  series  resistance  R,  the  terminal  current  flowing  into  node  a,  the 
terminal  current  flowing  -Into  node  b,  and  the  terminal  current  flowing 
into  node  c  by  using  the  symbolic  names  TLINEn,  TLINEn. 1,  TLINEn. 2, 
IA(TLINEn),  IB(TLINEn),  and  IC(TLINEn),  respectively. 
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2.15  Junction  Diode 

NET-2  contains  a  model  for  a  junction  diode  with  optional  radiation 
effects.  The  model  may  be  considered  to  be  either  Ebers-Moll  or  charge 
control  in  form,  since  these  are  merely  equivalent  ways  of  representing 
the  same  equations.  Radiation  effects  are  included  automatically  when¬ 
ever  a  neutron  or  gamma  radiation  source  is  specified  in  the  input. 

The  model  exhibits  normal  forward  conduction  and  reverse,  -cutoff  behavior. 
Storage  time  effects  are  included. 

The  model  does  not  include  junction  breakdown  at  large  reverse  voltages. 
Conductivity  modulation  of  the  base  region  is  not  included. 

The  junction  diode  is  a  modeled  device  and  requires  device  parameters  in 
the  Device  Parameter  Library.  The  model  number  is  1. 

The  format  for  the  junction  diode  is: 

Dn  (p)  A  K  Type 

where:  Dn  =  diode  ID 

p  =  optional  parallel  segment  designation 

A  =  anode  node  name 

K  =  cathode  node  name 

Type  =  alphanumeric  type  name 


2.15.1  Equivalent  Circuit 


The  diode  model  is  represented  by  the  equivalent  circuit  shown  in  Fig.  2-3 


Figure  2~3.  Junction  Diode  Equivalent  Circuit 


The  current  generator  I  depends  upon  junction  voltage  v  as 
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where  <5>(t)  is  the  total  neutron  dose  received  by  time  t  as  specified  by 
the  time  integral  of  the  neutron  rate  specified  by  the  NEUT  Entry. 

The  primary  photocurrent  I  (t)  is  given  as 
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where  g(t)  is  the  gamma  rate  due  to  the  gamma  radiation  source,  and  the 
convolution  integral  is  approximated  in  the  same  manner  as  for  the  pri¬ 
mary  photocurrent  generator  circuit  element  (see  2.13). 


The  transition  capacitance  C  is  given  by 


The  diffusion  capacitance  is  given  by 
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The  resistance  R^  is  given  by 
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2.15.2  Junction  Diode  References 


The  symbols  used  by  NET  to  represent  the  Junction  diode  circuit  elements 
and  parameters  are  given  in  Table  2-1.  The  user  may  control  and  reference 
any  quantity  for  which  a  NET  symbol  has  been  assigned.  Certain  indicated 
parameters  are  not  required  by  NET  unless  radiation  effects  behavior  is 
being  calculated.  Only  numerical  constants  may  oe  used  for  parameter 
values.  ^ 

\f 

Reference  to  a  device  parameter  within  the  LIBRARY  Entry  is  accomplished 
by  simply  using  the  symbolic  parameter  name.  References  in  all  other 
entries  are  made  using  the  symbolic  name  Dn.x  where  x  is  the  parameter 
name. 

Node  3  in  the  diode  model  is  available  for  connection  purposes  using  Dn.3 
as  the  node  name.  The  node  voltage  may  be  referenced  by  using  N(Dn.3)  as 
the  symbolic  name. 

The  user  may  reference  the  anode-cathode  voltage,  anode  terminal  current,  and 
diode  power  dissipation  by  using  the  symbolic  names  V(Dn),  l(Dn),  and  P(Dn), 
respectively. 
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Table  2-1 


2.15.3  Junction  Diode  Data  Reduction 


The  user  is  referred  to  Section  9. 1.2.1  for  a  general  discussion  of  the 
data  reduction  feature.  Specific  details  for  the  junction  diode  are  given 
below. 

NET-2  contains  data  reduction  capability  for  obtaining  parameters  which 
describe  the  DC  steady  state  characteristics  of  the  junction  diode  and 
the  diode  transition  capacitance. 

The  two  types  of  data  reduction  available  are  summarized  in  Table  2-2. 

This  table  lists  the  data  reduction  type  code,  the  symbols  for  the  para¬ 
meter  values  which  are  calculated,  and  the  quantities  which  must  be 
specified  for  each  data  reduction  type. 


drtype 

Description 

Input  Data 
Sequence 

Parameters 

Calculated 

DC 

DC  characteristic 

V,  I,  Wgt 

IS,  RB,  TH,  GC 

CT 

Transition  Capacitance 

V,  Ct,  Wgt 

C,  N,  VZ 

Curve 

Table  2-2.  Junction  Diode  Data  Reduction  Types 


In  the  input  data  a  positive  voltage  corresponds  to  a  forward  bias  on  the 
diode  junction  and  is  associated  with  a  positive  terminal  current.  If 
reverse  bias  data  is  not  provided  for  the  DC  data  reduction,  the  value  of 
parameter  GC  will  not  be  calculated. 

Any  of  the  applicable  parameter  symbols  may  be  used  in  the  fixedparams 
and  startparams  fields  on  the  DATA  card  for  a  given  type  of  data  reduction 
However,  specification  of  GC  in  the  startparams  field  will  be  ignored  by 
NET-2 . 


?.l6  Zener  Diode 


NET-2  contains  a  model  for  the  Zener  diode  with  optional  radiation  effects. 
The  model  is  an  extension  of  the  Junction  diode  model.  Radiation  effects 
are  automatically  included  whenever  a  neutron  or  gamma  radiation  source  is 
specified  in  the  input. 

This  model  exhibits  normal  forward  conduction,  reverse  cutoff,  and  Zener 
breakdown  behavior  and  includes  storage  time  effects.  Conductivity  modu¬ 
lation  of  the  base  region  is  not  included. 

The  Zener  diode  is  a  modeled  device  and  requires  device  parameters  in  the 
Device  Parameter  Library.  The  model  number  is  2. 

The  format  for  the  Zener  diode  is: 

ZDn  (p)  A  K  Type 

where:  ZDn  =  diode  ID 

p  =  optional  parallel  segment  designation 
A  =  anode  node  name 
K  =  cathode  node  name 
Type  =  device  type  name 

2.16.1  Equivalent  Circuit 

The  Zener  diode  model  is  represented  by  the  equivalent  circuit  shown  in 
Fig.  2-4. 
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Figure  2-4.  Zener  Diode  Equivalent  Circuit 


47 


The  current  generator  I  depends  upon  Junction  voltage  v  as 
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where  <J>(t)  is  the  total  neutron  dose  received  by  time  t  as  specified  by 
the  time  integral  of  the  neutron  rate  specified  by  the  NEUT  Entry. 


The  primary  photocurrcnt  I 


PP 


(t)  is  given  as 
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where  g(t)  is  the  gamma  rate  due  to  the  gamma  radiation  source,  and  the 
convolution  integral  is  approximated  in  the  same  manner  as  for  the  pri¬ 
mary  photocurrent  generator  circuit  element  (see  2.13). 


The  transition  capacitance  C  is  given  by 
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The  diffusion  capacitance  is  given  by 
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The  resistance  is  given  by 
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2.16.2  Zener  Diode  References 


The  symbols  used  by  NET  to  represent  the  Zener  diode  device  parameters  are 
given  in  Table  2-3.  The  user  may  control  and  reference  any  quantity  for 
which  a  NET  symbol  has  been  assigned.  Certain  indicated  parameters  are 
not  required  by  NET  unless  radiation  effects  behavior  is  being  calculated. 

Only  numerical  constants  may  be  used  for  parameter  values. 

Reference  to  a  device  parameter  within  the  LIBRARY  Entry  is  accomplished 
by  simply  using  the  symbolic  parameter  name.  References  in  all  other 
entries  are  made  using  the  symbolic  name  ZDn.x  where  x  is  the  parameter 
name. 

Node  3  in  the  Zener  diode  model  is  available  for  connection  purposes  using 
ZDn.3  as  the  node  name.  The  node  voltage  may  be  referenced  by  using  N(ZDn.3) 
as  the  symbolic  name. 

The  user  may  reference  the  anode-cathode  voltage,  anode  terminal  current,  and 
diode  power  dissipation  by  using  the  symbolic  names  V(ZDn),  i(ZDn),  and  P(ZDn) 
respectively. 
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Zener  Diode  Symbols  (Model  2) 
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2.1b. 3  Zener  Diode  Data  Reduction 


The  user  is  referred  to  Section  9-1. 2.1  for  a  general  discussion  of  the 
data  reduction  feature.  Specific  details  for  the  Zener  diode  are  given 
below. 

NET-2  contains  data  reduction  capability  for  obtaining  parameters  which 
describe  the  DC  steady  state  characteristics  of  the  Zener  diode  and  the 
diode  transition  capacitance. 

The  two  types  of  data  reduction  available  are  summarized  in  Table  2-b. 
This  table  lists  the  data  reduction  type  code,  the  symbols  for  the  para¬ 
meter  values  which  are  calculated,  and  the  quantities  which  must  be 
specified  for  each  data  reduction  type. 


drtype 


Description 


Input  Data 
Sequence 


Parameters 

Calculated 


DC 


CT 


DC  characteristic 


Transition  Capacitance 
Curve 


V,  I,  Wgt 


V,  Ct,  Wgt 


IS,  RB,  TH,  GC, 
A,  B,  VB 


Table  2-b.  Zener  Diode  Data  Reduction  Types 


In  the  input  data  a  positive  voltage  corresponds  to  a  forward  bias  on  the 
diode  junction,  and  is  associated  with  a  positive  terminal  current. 

Any  of  the  applicable  parameter  symbols  may  be  used  in  the  fixedparams  and 
startparams  fields  on  the  DATA  card  for  a  given  type  of  data  reduction. 
However,  specification  of  GC,  A,  B,  or  VB  in  the  startparams  field  will 
be  ignored  by  NET-2. 

If  data  in  the  forward  region  is  not  included  for  the  DC  data  reduction 
type,  the  parameters  IS,  TH,  and  RB  will  not  be  calculated;  similarly,  if 
data  in  the  reverse  region  is  not  included,  the  parameters  A,  B,  VB,  and 
GC  are  not  calculated.  Data  in  the  breakdown  region  must  be  supplied  if 
meaningful  values  for  A,  B,  and  VB  are  to  be  calculated. 
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2.17  Tunnel  Diode 


NET-2  contains  a  model  for  a  tunnel  diode  with  optional  radiation  effects. 
These  radiation  effects  are  included  automatically  whenever  a  neutron  or 
gamma  radiation  source  is  specified  in  the  input. 

This  model  exhibits  the  normal  forward  tunnel  diode  behavior  with  the 
familiar  negative  resistance  region.  Reverse  region  behavior  is  also 
represented. 

The  tunnel  diode  is  a  modeled  device  and  requires  device  parameters  in  the 
Device  Parameter  Library.  The  model  number  is  3. 

Stable  solutions  will  be  found  only  in  the  positive  slope  region  for  cases 
when  the  circuit  load  line  intersects  both  the  positive  slope  and  the  neg¬ 
ative  slope  regions. 

The  format  for  the  tunnel  diode  is: 

TDn  (p)  A  K  Type 

where:  TDn  =  tunnel  diode  ID 

p  =  optional  parallel  segment  designation 
A  =  anode  node  name 
K  =  cathode  node  name 
Type  =  tunnel  diode  type  name 

2.17.1  Equivalent  Circuit 

The  tunnel  diode  model  is  represented  by  the  equivalent  circuit  shown  in 
Fig.  2-5 . 
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Figure  2-5.  Tunnel  Diode  Equivalent  Circuit 
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The  current  generator  I  depends  upon  junction  voltage  v  as 
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where  $(t)  is  the  total  neutron  dose  received  at  time  t  as  specified  by 
the  time  integral  of  the  neutron  dose  specified  by  the  NEUT  Entry, 


The  primary  photociirrent  I  (t)  is  given  as 
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where  g(t)  is  the  gamma  rate  due  to  the  gamma  radiation  source,  and  the 
convolution  integral  is  approximated  in  the  same  manner  as  for  the  pri¬ 
mary  photocurrent  generator  circuit  element  (see  2.13). 


The  transition  capacitance  is  given  by 


The  resistance  R'  is  given  by 


The  value  of  the  inductance  L  is  constant. 

The  node  between  the  series  inductance  L  and  the  series  resistance 
cannot  be  accessed  by  the  user. 


2.17.2  Tunnel  Diode  References 


The  symbols  used  by  NET -2  to  represent  tunnel  diode  device  parameters  are 
given  in  Table  2-5 .  The  user  may  control  and  reference  any  quantity  for 
which  a  NET  symbol  has  been  assigned.  Certain  indicated  parameters  are 
not  required  by  NET  unless  radiation  effects  behavior  is  being  calculated. 
Only  numerical  constants  may  be  used  for  parameter  values. 

Reference  to  a  device  parameter  within  the  LIBRARY  Entry  is  accomplished 
by  simply  using  the  symbolic  parameter  name.  References  in  all  other 
entries  are  made  using  the  symbolic  name  TDn.x  where  x  is  the  parameter 
name . 

Node  3  in  the  tunnel  diode  model  is  available  for  connection  purposes 
using  TDn.3  as  the  node  name.  The  node  voltage  may  be  referenced  by 
using  N( TDn.3)  as  the  symbolic  name. 
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Table  2-5 


2.17-3  Tunnel  Diode  Data  Reduction 


The  user  is  referred  to  Section  9- 1.2.1  for  a  general  discussion  of  the 
data  reduction  feature.  Specific  details  for  the  tunnel  diode  are  given 
below. 

NET-2  contains  data  reduction  capability  for  obtaining  parameters  which 
describe  the  DC  steady  state  characteristics  of  the  tunnel  diode  and  the 
diode  transition  capacitance. 

The  two  types  of  data  reduction  available  are  summarized  in  Table  2-6. 
This  table  lists  the  data  reduction  type  code,  the  symbols  for  the  para¬ 
meter  values  which  are  calculated,  and  the  quantities  which  must  be 
specified  for  each  data  reduction  type. 


drtype 

Description 

Input  Data 
Sequence 

Parameters 

Calcu- ated 

DC 

DC  forward  characteristic 

V,  I,  Wgt 

A,  A1 .  ?,  Bl,  B2 , 

C,  Cl,  Ri 

CT 

Transition  Capacitance 

V,  ct,  Wgt 

CO,  N,  VZ 

Curve 

Table  2-6.  Tunnel  Diode  Data  Reduction  Types 


In  the  input  data  a  positive  voltage  corresponds  to  a  forward  bias  on  the 
diode  junction  and  is  associated  with  a  positive  terminal  current.  Reverse 
bias  data  is  not  used  for  the  DC  steady  state  characteristic. 

Ideally,  the  DC  steady  state  characteristic  curve  should  consist  of  closely- 
spaced  points,  beginning  near  the  origin  and  extending  well  into  the  normal 
diode  region.  As  a  minimal  requirement,  the  curve  should  include  four  data 
points  in  each  of  the  three  regions  of  the  forward  characteristic  curve. 

Data  in  the  negative  resistance  region  is  desirable  but  not  mandatory.  In 
the  absence  of  information  in  this  region,  the  calculated  characteristic 
curve  will  be  smooth,  but  may  not  accurately  approximate  the  device  in  the 
vicinity  of  the  negative  resistance  region. 

Any  of  the  applicable  parameter  symbols  may  be  used  in  the  fixedparams  and 
startparams  fields  on  the  DATA  card  for  a  given  type  of  data  reduction. 
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2.18  Bipolar  Transistor 


NET-2  contains  a  model  for  a  bipolar  transistor  with  optional  radiation 
effects.  This  model  may  be  considered  to  be  either  an  Ebers-Moll  or  charge 
control  model,  since  these  are  merely  equivalent  ways  of  representing  the 
same  equations.  Radiation  effects  are  included  automatically  whenever  a 
neutron  or  gamma  radiation  source  is  specified  in  the  input. 

This  model  includes  behavior  in  the  active  normal,  active  inverted,  satur¬ 
ated  and  cutoff  region.  Storage  time  effects  are  included.  There  is  no 
breakdown  of  emitter-base  or  collector-base  junction  with  reverse  voltage. 
The  base  spreading  resistance  is  constant  and  there  is  no  dependence  of 
emitter-base  or  collector -base  diffusion  capacitance  with  collecting  vol¬ 
tage.  The  normal  and  inverted  current  gains  may  be  functions  of  emitting 
junction  voltage. 

The  same  model  is  used  for  both  PNP  and  NPN  devices.  Specification  of  PNP 
or  NPN  is  made  by  setting  a  device  parameter. 

The  bipolar  transistor  is  a  modeled  device  and  requires  device  parameters 
in  the  Device  Parameter  Library.  The  model  number  is  4. 

The  format  for  the  bipolar  transistor  is: 

Tn  (p)  E  B  C  Type  Mode 

where:  Tn  =  transistor  ID 

p  =  optional  parallel  segment  designation 

E  =  emitter  node  name 

B  =  base  node  name 

C  =  collector  node  name 

Type  =  device  type  name 

Mode  =  optional  mode  designation 

The  optional  mode  designation  may  be  used  to  assist  NET-2  in  obtaining 
the  correct  DC  steady  state  solution  when  a  bipolar  transistor  is  involved 
in  a  bistable  circuit  configuration.  The  word  0FF  is  the  only  legal  mode 
designation  available  for  this  element;  it  is  used  to  instruct  NET-2  to 
maintain  the  specified  transistor  in  the  cutoff  condition  during  the  DC 
steady  state  solution.  The  cutoff  constraint  is  automatically  removed 
during  the  transient  solution.  The  mode  designation  may  be  superseded  in 
a  specific  State,  Monte  Carlo,  or  Optimization  calculation.  Blind  use  of 
the  word  0FF  in  unnecessary  situations  can  lead  to  serious  computational 
errors  since  transistor  cutoff  is  always  enforced  by  NET-2  in  such  situ¬ 
ations  . 


The  transistor  model  is  represented  by  the  equivalent  circuit  shown  in 
Fig.  2-6,  with  polarities  shown  for  an  NPN  device: 


cte  Ctc 


Figure  2-6.  Bipolar  Transistor  Equivalent  Circuit 

The  common  emitter  normal  current  gain  Bn  is  given  by  a  third  degree 

polynomial  in  the  emitter-base  junction  voltage  v^  (note  that  v^  is 

proportional  to  the  logarithm  of  the  emitter  current  I  _  defined  below) 

ei 

Sn  =  Bn^Al  +  A2Vl  +  A3^Vl ^  +  A4 ( Vj ) 3 ]  0  <_  vj  <_  A 

The  constant  A  Is  the  maximum  value  <>V  I'n r  wti f >-(■  tie-  above  p'llyii'-rnia  I 
expression  is  valid.  For  values  or  greater  than  A  arid  for  negative  \ 

=  B^[Aj  +  A2A  +  A3A2  +  A4A3 ]  vj  >  A 


Similarly,  the  common  collector  inverted  current  gain  0^  is  given  by  a 
third  degree  polynomial  in  the  collector-base  junction  voltage  v?: 


0.  =  Bj  [  Bx  +  B2v2  +  B3(v2  )2  +  B4(v2)3]  0  <_  v2  <_  A 


Again  the  constant  A  specifies  the  maximum  value  of  V2  for  which  the 
polynomial  expression  is  valid.  For  values  of  v2  greater  than  A  and 
for  negative  v0: 

0  =  B± [ Bx  +  B2A  +  B3A2  +  B4A3]  v2  >  A 

0.  =  B.Bi  v2  <  0 

l  l  1  *■ 


The  common  base  normal  and  inverted  current  gains  may  now  be  computed  as 


0 

_ n 

“n  =  0  (l  +  K  4>(t))  +  1 
n  an 

6. 

_  _ i  _ 

“i  0.(1  +  K  .  <J>  ( t )  )  +  1 
l  ai 


where  the  effects  of  neutron  damage  have  now  been  incorporated.  <I> ( t )  is  the 
total  neutron  dose  received  at  time  t  as  specified  by  the  time  integral  of 
the  neutron  dose  specified  by  the  NEUT  Entry. 

The  current  emitted  by  the  emitter,  Ief>  is  given  by 

I  /  01V1  \ 

1=  t - £2 -  (l  +  K  4>  (t )  )| e  -1  ) 

ef  1  -  a  a.  e  \  / 

n  1  \  / 

Similarly,  the  current  emitted  by  the  collector,  is  given  by 

I  /  02v2  \ 

If  =  r—SS -  (1  +  K*(t))[e  -l) 

cf  1  -  a  a.  c  1  I 

n  x  \  / 
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Assuming  the  emitter  collects  I  with  an  efficiency  a.  we  have  for  the 
current  generator  I 


ef 


-  a. I  . 
1  cf 


I  ,  (t) 

ppl 


+  G  Vi 
e  J 


where  I  , (t)  is  a  primary  photocurrent  term  given  by 
ppl 


Similarly,  assuming  that  the  collector  collects  with  an  efficiency 

a  we  have  for  the  current  generator  In 
n  d 


I=I-aI-I  _(t)  +  G  v 
2  cf  n  ef  pp2 


c  2 


where  I  g(t)  is  a  Primary  photocurrent  term  given  by 


Ipp2^  Ip21g^  •  1 


I V2  \ 

-  min  I  ^ — ,  .9  J 


+  I 


p22 


t 

/ 


-X_ 

T 

g(t-X  )  —  dX 

/ST 


In  the  definition  of  primary  photocurrents  g(t)  is  the  gamma  rate  due  to 
the  gamma  radiation  source,  and  the  convolution  integral  is  approximated 
in  the  same  manner  as  for  the  primary  photocurrent  generator  circuit  ele¬ 
ment  (see  2.13). 


Similarly,  the  collector  transition  capacitance  is  given  by 


C 


tc 


C 

c 
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2.18.2  Bipolar  Transistor  References 


The  symbols  used  by  NET  to  represent  the  bipolar  transistor  device  param¬ 
eters  are  given  in  Table  2-7.  The  user  may  control  and  reference  any 
quantity  for  which  a  NET  symbol  has  been  assigned.  Certain  indicated 
parameters  are  not  required  by  NET  unless  radiation  effects  behavior  is 
being  calculated.  Only  numerical  constants  may  be  used  for  parameter 
values. 

Reference  to  a  device  parameter  within  the  LIBRARY  Entry  is  accomplished 
by  simply  using  the  symbolic  parameter  name.  References  in  all  other 
entries  are  made  using  the  symbolic  name  Tn.x  where  x  is  the  parameter 
name. 

The  mode  designation  for  a  transistor  may  be  altered  from  its  original 
status  using  the  name  Tn.M0DE  followed  by  the  word  0FF  or  N0NE.  0FF 
establishes  the  cutoff  mode  for  the  transistor  during  the  DC  steady  state 
calculation;  N0NE  removes  a  previously  established  0FF  mode. 

Internal  nodes  h  and  5  in  the  bipolar  transistor  model  are  available  for 
connection  purposes  using  Tn.y  as  the  node  name,  where  y  is  L  or  5*  The 
node  voltage  may  be  referenced  by  using  N(Tn.y)  as  the  symbolic  name. 

The  user  may  reference  the  base-emitter  voltage,  the  base-collector  voltage, 
the  collector-emitter  voltage,  the  emitter  current,  the  base  current,  the 
collector  current,  and  the  total  transistor  power  dissipation  by  using  the 
symbolic  names  VBE(Tn),  VBC(Tn),  VCE(Tn),  IE(Tn) ,  IB(Tn),  IC(Tn),  and  p(Tn), 
respectively. 


2.18.3  Bipolar  Transistor  Data  Reduction 


The  user  is  referred  to  Section  9. 1.2.1  for  a  general  discussion  of  the 
data  reduction  feature.  Specific  details  for  the  bipolar  transistor  are 
given  below. 

NET-2  contains  data  reduction  capability  for  obtaining  parameters  which 
describe  the  DC  steady  state  characteristics  of  the  bipolar  transistor 
in  cutoff,  normal,  inverted,  and  saturated  regions  of  operation,  and 
parameters  which  describe  the  emitter-base  and  collector-base  transition 
capacitance . 

The  six  types  of  data  reduction  available  are  summarized  in  Table  2-8. 
This  table  lists  the  data  reduction  type  code,  the  symbols  for  the  para¬ 
meter  values  which  are  calculated,  and  the  quantities  which  must  be 
specified  as  data  for  each  data  reduction  type. 


drtype 

Description 

Input  Data 
Sequence 

Parameters 

Calculated 

DCN 

Normal  DC  characteristic 

Vbe,  lb,  Ic,  Wgt 

A,  Al,  A2 ,  A3,  AU,  BN, 
GE,  IES ,  RBB,  THE 

DCN1 

Same  as  for  DCN 

Vbe,  Bn,  Ie,  Wgt 

Same  as  for  DCN 

DCI 

Inverted  DC  characteristic 

Vbc ,  lb,  Ie,  Wgt 

Bl,  B2 ,  B3,  Bl4,  BI, 

GC,  ICS,  RCC ,  THC 

DCI1 

Same  as  for  DCI 

Vbe,  8i ,  Ic,  Wgt 

Same  as  for  DCI 

CTE 

Emitter-base  transition 
capacitance  curve 

Vbe  ,  Cte ,  Wgt 

CE,  NE,  VZE 

CTC 

Collector-base  transition 
capacitance  curve 

Vbc,  Cte,  Wgt 

CC,  NC,  VZC 

Table  2-8.  Bipolar  Transistor  Data  Reduction  Types 
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The  DCN  and  DCN1  data  reduction  types  are  identical  except  for  the  quan¬ 
tities  which  are  required  as  input  data.  Similarly,  the  DCI  and  DCI1 
types  are  identical  except  for  the  input  data  quantities.  If  DCN  (or 
DCNl)  and  DCI  (or  DCIl)  data  reductions  are  both  specified,  reduction  of 
the  two  sets  of  data  will  be  performed  alternately  in  order  to  obtain  a 
consistent  set  of  parameter  values.  The  CTE  and  CTC  data  reductions  are 
handled  independently. 

Due  to  the  interdependence  of  the  normal  and  inverted  data  reductions, 
special  cases  result  if  both  sets  of  data  are  not  submitted  together.  If 
only  normal  data  is  submitted,  a  value  must  be  available  for  BI .  Similarly, 
if  only  inverted  data  is  submitted,  a  value  must  be  available  for  both  BN 
and  RBB . 

In  the  input  data  a  positive  voltage  corresponds  to  a  forward  bias  on  the 
semiconductor  junction  and  is  associated  with  a  positive  terminal  current. 
Inverted  data  is  measured  by  operating  the  transistor  with  the  emitter  and 
collector  leads  exchanged.  There  is  no  distinction  between  PNP  and  NPN 
transistors  in  the  input  data  sign  conventions. 

The  user  should  attempt  to  supply  data  over  as  wide  a  range  as  is  feasible. 
If  data  is  not  supplied  near  v  =  0,  the  calculated  beta  polynomial  may  be 
negative  or  have  a  negative  slope  at  small  voltage  values.  When  this 
happens,  NET-2  will  recalculate  the  coefficients  using  a  method  which 
constrains  A1  and  A2  to  be  non-negative,  and  an  informative  diagnostic 
will  be  printed,  provided  A1  (or  Bl)  has  not  been  specified  in  the 
startparams  field. 

Many  options  are  available  to  the  ’ser  for  controlling  the  parameters  A, 

Al,  A2,  A3,  AU,  Bl,  B2,  B3,  and  BU.  All  specifications  for  these  para¬ 
meters  in  the  startparams  field  are  ignored  by  NET-2  except  for  the 
parameter  Al  (or  Bl).  The  following  general  rules  apply: 

The  parameter  A  is  always  equated  to  the  most  positive  value  of  the  internal 
junction  voltage.  If  both  normal  and  inverted  DC  calculations  are  made,  A 
will  be  the  lesser  of  the.  values  calculated  from  the  two  sets  of  data.  The 
parameter  A  cannot  be  fixed  unless  all  other  parameters  Al,  A2,  A3,  AU,  Bl, 
B2,  B3,  and  BU  are  also  fixed. 

The  Al,  A2,  A3,  and  AU  coefficients  (or  Bl,  B2,  B3,  and  BU  coefficients) 
must  be  fixed,  in  order,  from  one  end  of  the  polynomial  or  the  other,  but 
not  both.  For  example,  one  cannot  fix  both  Al  and  AU;  the  result  would 
be  that  Al  is  fixed.  Ah  is  not  fixed. 

If  Al  (or  Bl)  is  fixed,  then  A2  (or  B2)  is  the  only  other  coefficient  that 
may  be  fixed.  If  A2,  A3,  or  Ah  (or,  alternatively,  B2,  B3,  or  BU)  are  fixed 
singly  or  in  combination,  the  order  of  the  polynomial  curve  fit  is  reduced; 
for  example,  A2  fixed  implies  A3  =  AU  =  0. 
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A  more  detailed  exposition  of  the  above  general  rules  follows  below: 

If  A1  (or  Bl)  is  specified  in  the  fixedparams  field  the  final  parameter 
value  for  A1  (or  Bl)  will  be  that  which  was  specified.  If  A1  (or  Bl)  is 
specified  in  the  startparams  field,  the  final  value  for  A1  (or  Bl)  will  be 
that  required  by  the  least  squares  fitting  process.  If  the  final  value  of 
either  A1  (or  Bl)  or  A2  (or  B2)  is  negative  (implying  a  negative  dip  in  the 
beta  curve  near  the  origin)  a  warning  message  will  be  printed  but  the  values 
will  not  be  recalculated.  This  is  in  contrast  to  the  action  which  occurs 
when  A1  (or  Bl)  is  not  specified  in  the  startparams  field,  whereby  the  para¬ 
meters  are  recalculated  to  constrain  A1  and  A2  (or  Bl  and  B2)  to  be  non¬ 
negative  if  the  normal  least  squares  process  causes  either  of  them  to  be 
negative . 

If  A2  (or  B2)  is  fixed,  one  of  two  actions  may  occur.  If  A1  (or  Bl)  is  also 

fixed,  then  the  user  is  specifying  a  slope  and  intercept  for  the  curve  and 

the  values  of  A3  and  AA  (or  B3  and  BA)  will  be  chosen  to  be  consistent  with 
the  fixed  values.  If,  however,  A1  (or  Bl)  is  not  fixed  then  the  parameters 
A2,  A3,  and  AA  (or  B2,  B3,  and  BA)  will  be  set  to  zero  and  the  arithmetic 
average  for  the  beta  curve  will  result. 

If  A3  (or  B3)  is  fixed  then  NET-2  will  set  A3  and  AA  (or  B3  and  BA)  to  zero, 
giving  a  linear  fit,  provided  A1  (or  Bl)  is  not  fixed.  If  A1  (or  Bl)  is 
also  fixed,  then  the  fixed  values  of  A3  (or  B3)  will  be  ignored. 

If  AA  (or  BA)  is  fixed,  then  NET-2  will  set  AA  (or  BA)  to  zero,  giving  a 

quadratic  fit,  provided  A1  (or  Bl)  is  not  also  fixed.  If  A1  (or  Bl)  is 

also  fixed,  then  the  fixed  value  of  AA  (or  BA)  will  be  ignored. 

The  parameters  IES,  RBB,  THE,  ICS,  RCC,  and  THC  are  calculated  by  an  iterative 
linearized  least  squares  analysis.  Normally,  NET-2  calculates  initial  values 
for  these  parameters  by  a  linear  approximation.  However,  the  user  may  supply 
starting  values  for  any  or  all  of  these  parameters.  These  starting  values  will 
be  used  if  the  appropriate  parameter  symbol  is  included  in  the  startparams 
field  on  the  DATA  card. 

In  general,  it  is  recommended  that  the  user  permit  NET-2  to  calculate  initial 
values,  unless  convergence  problems  are  encountered. 


2.19  MOS  Field  Effect  Transistor 

NET-2  contains  a  model  for  the  MOS  field  effect  transistor  (MOSFET)  with 
optional  radiation  effects.  Radiation  effects  are  automatically  included 
whenever  a  neutron  or  gamma  radiation  source  is  specified  in  the  input. 

This  model  exhibits  the  very  high  gate  input  impedance  normally  found  in 
MOSFETs.  The  model  may  represent  either  PNP  or  NPN  structures,  and  may  be 
operated  in  both  the  enhancement  and  depletion  modes.  Symmetric  character 
istics  with  respect  to  drain-source  voltage  polarity  are  observed. 

The  MOSFET  is  a  modeled  device  and  requires  device  parameters  from  the 
Device  Parameter  Library.  The  model  number  is  5- 

The  format  for  the  MOSFET  is: 

MFETn  ( p )  S  G  D  SS  Type 

where:  MFETn  =  MOSFET  ID 

p  =  optional  parallel  segment  designation 

S  =  source  node  name 

G  =  gate  node  name 

D  =  drain  node  name 

SS  =  substrate  node  name 

Type  =  MOSFET  type  name 

2.19.1  Equivalent  Circuit 


The  junction  capacitances  depend,  upon  the  gate-source  voltage  V  and  the 
gate-drain  voltage  V  „ :  gs 

gd 


C  =  C  . 
gs  gsl 


V  <  V 
gs  gl 


fiT  C 


gsl 


V 


▼  gl 


fir  c 


i  + 

gi 


Similarly , 


V  <  V  <  V 
gl  “  gs  ~  g2 


V 

gs 


>  V 


g2 


V  <  V 
gd  gdl 


V  <  V  <  V 
gdl  —  gd  —  gd.2 


V  <  V 
gd.2  gd 


The  controlling  equation  for  the  current  generator  I  is  a  function  of  the 
gate-source  voltage  Vgs  and  the  drain-source  voltage  Vds.  Fig.  2-8  shows 
the  V-I  characteristic  for  the  MOSFET  (the  characteristic  is  mirrored  in 
the  third  quadrant  for  inverted  operation).  It  is  seen  that  the  curve  at 
constant  Vgs  consists  of  a  rounded  portion  (region  A)  in  the  low  Vds  region, 
and  a  flat  almost  constant  current  curve  (region  B)  in  the  higher  Vds  region. 
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REGION  A  ! 

I  REGION  B 


Figure  2-8.  MOSFET  Drain-Source  Characteristics 
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Let  the  slope  in  region  B  be  given  by  the  general  expression 
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Let  the  current  in  region  A  be 


given  by 


I  = 
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A,v, 
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V  (A. 
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A,V  )] 
5  gs 


Now  define  a  locus  of  points,  corresponding  to  different  values  Vg^  where 
the  slope  of  the  region  A  equation  is  equal  to  the  slope  in  regionB. 

This  locus  will  occur  at  a  value  of  Vds  =  V0,  for  a  given  value  of  Vgs , 
and  is  the  boundary  line  between  regions  A  and  B.  Thus,  in  region  B: 


I  =  (V.  -V  )(K  +K.V  +K,V  )  + 
is  o  1  2  gs  3  gs 


v  [a  +a^/7-  + 

o  i  2  o 


A  V 
3  o 


V  (A, +A  V 
gs  4  gs  ' 


The  current  generators  1^  and  correspond  to  conventional  pn  junction 
models,  and  are  functions  of  the  substrate-source  voltage  v  and  substrate- 
drain  voltage  v0,  respectively: 
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ppl 


(t) 
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where  4>(t)  is  the  total  neutron  dose  received  by  time  t  as  specified  by 
the  time  integral  of  the  neutron  rate  specified  by  the  NEUT  Entry. 

The  primary  photocurrents  I  ,(t)  and  I  ^(t)  are  given  by 

ppl  pp2  °  J 


g(t)  is  the  gamma  rate  due  to  the  gamma  radiation  source,  and  the 
-ition  integral  is  approximated  in  the  same  manner  as  for  the  pri- 
..  tocurrent  generator  circuit  element  (see  2.13). 
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The  capacitances  and  contain  both  depletion  and  diffusion  terms 
and  are  given  by 


The  current  generators  I  s  and  Ig^  represent  gate-source  and  gate-drain 
ionization  from  gamma  radiation  and  are  given  by 


I 

gs 


K  V 
gs  gs 


g(t) 


1  .  =  K  .V  ,g(t) 
gd  gd  gd 


The  MOSFET  model  as  described  corresponds  to  an  n  channel  device.  NET-2 
uses  voltage  polarities  corresponding  to  normal  operation  of  an  n  channel 
device  for  the  MOSFET  model.  However,  the  user  may  specify  either  a  p 
channel  or  an  n  channel  device  and  NET-2  will  automatically  adjust  the 
signs  of  the  voltages  and  currents  to  account  for  the  type  of  channel 
and  also  for  inverted  operation.  The  user  need  not  be  concerned  with 
this  sign  manipulation. 


2.1Q.2  MOSFET  References 


The  symbols  used  by  NET-2  to  represent  the  MOSFET  device  parameters  are 
given  in  Table  2-9.  The  user  may  control  and  reference  any  quantity  for 
which  a  NET  symbol  has  been  assigned.  Certain  indicated  parameters  are 
not  required  by  NET  unless  radiation  effects  behavior  is  being  calculated. 
Only  numerical  constants  may  be  used  for  parameter  values. 


Reference  to  a  device  parameter  within  the  LIBRARY  Entry  is  accomplished 
by  simply  using  the  symbolic  parameter  name.  References  in  all  other 
entries  are  made  using  the  symbolic  name  MFETn.x  where  x  is  the  parameter 
name . 
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Table  2-9 
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(Continued) 


2.19.3  MOSFET  Data  Reduction 


The  user  is  referred  to  Section  9. 1.2.1  for  a  general  discussion  of  the 
data  reduction  feature.  Specific  details  for  the  MOSFET  are  given  below. 

NET-2  contains  data  reduction  capability  for  obtaining  parameters  which 
describe  the  DC  steady  state  drain-source  characteristic  for  the  MOSFET. 
The  data  reduction  is  summarized  in  Table  2-10.  This  table  lists  the  data 
reduction  type  code,  the  symbols  for  the  parameter  values  which  are  calcu¬ 
lated,  and  the  quantities  which  must  be  specified  for  each  data  reduction 
type. 


drtype  Description 

Input  Data 
Sequence 

Parameters 

Calculated 

DC  Drain-source  DC 

characteristic 

Vgs  ,  Vds ,  Id ,  Wgt 

Al,  A2,  A3,  Ab, 

A5 ,  Kl,  K2,  K3 

Table  2-10.  MOSFET  Data  Reduction  Types 


The  polarity  of  the  data  must  correspond  to  that  for  an  n  channel  device  as 
illustrated  in  Fig.  2-8.  Complete  drain-source  characteristics  should  be 
supplied  for  at  least  three  values  of  Vgs.  It  is  important  that  the  data 
be  closely  spaced  about  each  knee  so  that  the  shapes  are  adequately  described 
in  these  regions. 

Any  of  the  applicable  parameter  symbols  may  be  used  in  the  fixedparams  field 
on  the  DATA  card.  All  entries  in  the  startparams  field  are  ignored  by  NET-2. 

If  A1  is  fixed,  the  calculation  for  Al,  A1*,  and  A5  will  be  omitted.  If  A2 
is  fixed,  the  calculation  for  A2  and  A3  will  be  omitted.  If  A3  is  fixed, 
the  fixing  of  A3  will  be  ignored  and  a  value  will  be  calculated  for  A3.  If 
Ab  is  fixed,  values  of  zero  will  be  used  for  Ab  and  A5.  If  A 5  is  fixed, 
a  value  of  zero  will  be  used  for  A5. 

If  K1  is  fixed,  the  calculation  for  Kl,  K2,  and  K3  will  be  omitted.  If  K2 
is  fixed,  a  value  of  zero  will  be  used  for  K2  and  F3.  If  K3  is  fixed,  a 
value  of  zero  will  be  used  for  K3. 
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2.20  Junction  Field  Effect  Transistor 


NET-2  contains  a  model  for  the  Junction  field  effect  transistor  (JFET)  with 
optional  radiation  effects.  Kadiation  effects  are  automatically  included 
whenever  a  neutron  or  gamma  radiation  source  is  specified  in  the  input. 

The  model  may  represent  either  PNP  or  NPN  structures.  Assymmetric  charac¬ 
teristics  are  available  with  respect  to  drain-source  voltage  polarity. 

The  JFET  is  a  modeled  device  and  requires  device  parameters  from  the  Device 
Parameter  Library.  The  model  number  is  6. 

The  format  for  the  JFET  is: 

JFETn  (p)  S  G  D  Type 

where:  JFETn  =  JFET  ID 

p  =  optional  parallel  segment  designation 
S  =  source  node  name 
G  =  gate  node  name 
D  =  drain  node  name 
Type  =  JFET  type  name 


2,20.1  Equivalent  Circuit 

The  JFET  model  is  represented  by  the  equivalent  circuit  shown  in  Fig.  2-9. 


+ 


Vgd 


Figure  2-9 •  JFET  Equivalent  Circuit 
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The  current  generator  Ip  represents  the  drain-source  volt-ampere  charac¬ 
teristic,  where  Ip  is  a  function  of  Vds  and  Vgs.  NET-2  uses  voltage 
polarities  corresponding  to  normal  operation  of  an  n  channel  device  in 
the  JFET  model.  Thus,  the  equations  developed  below  represent  normal  n 
channel  operation.  NET-2  automatically  adjusts  the  signs  of  voltages  and 
currents  to  account  for  inverted  operation  and  for  p  channel  devices  and 
the  user  need  not  be  concerned  with  this  sign  manipulation. 

The  drain-source  characteristic  for  normal  n  channel  operation  is  shown 
in  Fig.  2-10.  The  characteristic  is  divided  into  two  regions,  a  lev  vol¬ 
tage  "channel  on"  region  where  the  current  depends  upon  V(js  according  to 
a  power  law,  and  a  saturation  region  where  the  channel  is  pinched  off  and 
the  characteristic  is  essentially  resistive. 


Figure  2-10.  JFET  Drain-Source  Characteristics 


The  "channel  on"  conductance  is  defined  as  G  =  31  /3V  at  V  =0,  and 
is  given  by  a  quadratic  of  the  form  °  s  s 


G  = 

o 


G  + 

cc 


A  (V 
1  gs 


V  )  + 
rc 


A_(V  -  V  Y 
2  gs  rc 


-KQ*(t) 

e 


c 
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where  Gcc  is  the  measured  conductance  at  V(js  =  0  for  Vgs  =  Vrc,  and  Ap  and 
Ag  are  fitting  parameters.  $(t)  is  the  total  neutron  dose  received  by  time 
t  as  specified  by  the  time  integral  of  the  neutron  rate  specified  by  the 
NEUT  Entry. 

The  conductance  in  the  saturation  region  is  modeled  as  an  expression  of  the 
form 


gs 


2 


-K_*(t) 

)e 


where  S^,  S_,,  and  are  fitting  parameters. 

Let  us  now  define  the  current  Ip  as  having  a  value  Ipg  at  some  fixed  vol¬ 
tage  V(js  =  Vdst  which  is  well  into  the  saturation  region.  Since  the  con¬ 
ductance  of  the  saturation  region  is  known  to  be  Gs ,  we  can  now  write  an 
expression  for  Ip  in  the  saturation  region  as 


J1  = 


ds 


G  0' 
s  ds 


-Vdst> 


This  expression  simply  shows  the  linear  dependence  of  Ip  on  Vps  for  a  given 
value  of  VgS .  We  have  already  defined  the  dependence  of  Gs  on  VgS ;  however, 
we  still  require  an  expression  for  I(ps  as  a  function  of  VgS,  where  I<ps  is 
the  value  of  Ip  at  V(ps  =  Vpg-p.  This  is  given  by 


ds 


m  -Kld8*(t) 


°1  + 


G0V 
2  gs 


G  V 
3  gs 


We  now  have  equations  which  uniquely  describe  the  current  in  the  saturation 
region.  We  still  require  expressions  for  the  current  in  the  channel  "on" 
region  as  well  as  a  definition  of  the  boundary  between  the  channel  "on"  region 
and  the  saturation  or  pinchoff  region. 


Let  us  define  a  pinch-off  voltage  Vp.  Theoretically,  the  channel  should 
pinch  off  right  at  this  voltage.  In  practice,  however,  the  actual  value 
of  V(js  where  pinch  off  occurs  can  be  greater  than  Vp.  For  this  reason,  a 
voltage  called  Vsa^  is  introduced  to  represent  that  voltage  at  which  the 
characteristic  becomes  resistive,  governed  by  the  conductance  G^.  The 
expression  for  Vg  is 


V 


sat 


=  V.  (V 
k  gs 


-  V  ) 
P 


where  is  a  fitting  parameter.  Thus  Vsa^-  depends  upon  V  ,  and  a  locus 

of  values  of  V  ^  exists  for  different  V  values.  gS 

sat  gs 

Finally,  the  expression  for  1^  in  the  channel  "on"  region  is  given  by 


G 

o  ds 


B.V, 

1  ds 


where  the  constants  Bq  and  Bp  are  fitting  parameters.  Note  that  the  slope 

of  the  characteristic  at  Vds  ~  0  is  equal  to  the  channel  "on"  conductance 

G0  as  required.  The  constants  Bq  and  Bp  are  chosen  by  NET-2  such  that  Iq 

and  3I../3V,,  are  continuous  at  V,  =  V  .  . 

1  ds  ds  sat 

The  quantities  developed  above  are  indicated  in  Fig.  2-11  to  illustrate  the 
concepts  involved . 


Figure  2-U.  Illustration  of  JFET  Model  Parameters  and  Equations 
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Actually,  NET-2  has  the  ability  to  represent  different  curves  for  the  JFET 
in  the  normal  and  inverted  modes  of  operation.  This  is  accomplished  by 
storing  pairs  of  parameters  for  the  constants  Vp,  V^,  G]_,  G2,  G3,  and 
The  selection  of  the  correct  value  from  the  pair  is  done  automatically  by 
NET- 2. 


A  capacitance  C^s  exists  across  the  drain-source  terminals  in  the  model. 
The  value  of  this  capacitance  is  constant. 


The  JFET  model  also  contains  two  pn  junctions.  These  junctions  are  modeled 
in  a  conventional  manner,  similar  to  the  diode  model. 


The  current  generators  and  are  given  by 


I 


I 


2 


3 


I  .  (1  +  K_  ,$(t))(e'2Vgd 
gdo  Igd  1 


I  (1  +  Kt  4>(t )  )|e 
gso  Igs 


0  ,V 
3  gs 


The  primary  photocurrents  I 


PP2 


(t) 


and  I  _(t)  are  given  by 
PP3 


I 


PP2 


(t) 


where  g(t)  is  the  gamma  rate  due  to  the  gamma  radiation  source,  and  the 
convolution  integral  is  approximated  in  the  same  manner  as  for  the  pri¬ 
mary  photocurrent  generator  circuit  element  (see  2.13). 


80 


The  capacitances  C  ^  and  C  repres»  th  depletion  and  diffusion  effects 

and  are  given  by  ® 


The  symbols  used  by  NET— 2  to  represent  the  JFET  device  parameters  are  given 
in  Table  2-11.  The  user  may  control  and  reference  any  quantity  for  which  a 
NET  symbol  has  been  assigned.  Certain  indicated  parameters  are  not  required 
by  NET  unless  radiation  effects  behavior  is  being  calculated.  Only  numerical 
constants  may  be  used  for  parameter  values. 

Reference  to  a  device  parameter  within  the  LIBRARY  Entry  is  accomplished  by 
simply  using  the  symbolic  parameter  name.  References  in  all  other  entries 
are  made  using  the  symbolic  name  JFETr. .x  where  x  is  the  parameter  name. 
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2.20.3  JFET  Data  Reduction 


The  user  is  referred  to  Section  9* 1.2.1  for  a  general  discussion  of  the 
data  reduction  feature.  Specific  details  for  the  JFKT  are  given  below. 

NET-2  contains  data  reduction  capability  for  obtaining  parameters  which 
describe  the  DC  steady  state  drain-source  characteristics  in  both  the 
normal  and  inverted  mode  of  operation. 

The  two  types  of  data  reduction  available  are  summarized  in  Table  2-12. 
This  table  lists  the  data  reduction  type  code,  the  symbols  for  the  para¬ 
meter  values  which  are  calculated,  and  the  quantities  which  must  be  speci¬ 
fied  for  each  data  reduction  type. 


drtype  Description 


Inout  Data 
Se  pence 


Parameters 

Calculated 


DCN  Normal  drain-source 
DC  characteristic 


DCI  Inverted  drain-source 

DC  characteristic 


Vgs  ,  Vds ,  Id ,  Wgt 


Vgs ,  Vds ,  Id ,  Wgt 


GIN,  G2N ,  G3N,  VPN, 
VKN,  VDSN  ,  VP.C,  GCC  , 
SI,  S2 ,  S3 

G1I ,  G2I,  G3I,  VPI, 
VKI ,  VDS I 


Table  2-12.  JFET  Data  Reduction  Types 


8U 


AD-A078  975 


UNCLASSIFIED 


BRADDOCK  DUNN  AND  MCDONALD  INC  EL  PASO  TEX  F/G  9/5 

NET-2  NETWORK  ANALYSIS  PROGRAM*  RELEASE  9.  USER'S  MANUAL* (U) 

SEP  73  A  F  MALMBERG  DAAG39-70-C-0050 

HDL-050-1  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS  1963-^ 


For  the  DCN  data  reduction,  the  input  should  be  a  complete  set  of  first 
quadrant  drain-source  characteristic  curves  for  at  least  three  values  of 
Vgs .  The  polarity  must  be  that  of  an  n-channel  device  as  illustrated  in 
Fig.  2-10.  It  is  important  that  the  digitized  data  be  closely  spaced 
about  Vgat  for  each  curve,  unless  the  user  supplies  values  for  VPN  and 
VKN,  and  fixes  them  by  including  them  in  the  fixedparams  field. 

For  the  DCI  data  reduction,  the  input  is  a  set  of  third  quadrant  drain- 
source  characteristic  curves.  However,  the  signs  of  the  numerical  data 
must  be  the  same  as  for  an  n-channel  device  operating  in  the  first  quadrant 
such  as  illustrated  in  Fig.  2-10.  The  comments  for  the  DCN  data  reduction 
apply  to  the  analogous  parameter  evaluations  in  the  inverted  mode.  There 
is  no  analysis  of  data  in  the  "on"  region  in  the  DCI  data  reduction.  How¬ 
ever,  data  must  be  supplied  about  vsat  unless  the  values  of  VPI  and  VKI 
are  supplied  by  the  user. 

The  parameters  VKI,  VKN,  VPI,  VPN,  VDSI,  VDSN,  and  VRC  may  be  fixed,  either 
singly  or  in  combination. 

The  JFET  model  includes  four  polynomials  specified  by  the  parameters  GCC , 
Al,  and  A2,  the  parameters  GIN,  G2N,  and  G3N,  the  parameters  G1I,  G2I,  and 
r  G3I,  and  the  parameters  SI,  32,  and  S3.  Each  of  these  polynomials  is  a 

quadratic  in  form,  composed  of  a  zero  order  coefficient,  a  first  order 
coefficient,  and  a  second  order  coefficient.  For  each  polynomial  the 
following  rules  apply  in  regard  to  fixing  parameter  values:  If  the  zero 
order  coefficient  is  fixed,  then  the  calculation  for  all  three  coefficients 
of  that  polynomial  are  omitted;  if  the  first  order  coefficient  is  fixed, 
then  a  value  of  zero  is  used  for  the  first  and  second  order  coefficients; 
if  the  second  order  coefficient  is  fixed,  then  a  value  of  zero  is  used  for 
the  second  order  coefficient. 


Core  Winding 


The  core  winding  is  a  circuit  element  which  is  magnetically  coupled  to  an 
associated  magnetic  core  element  through  a  specified  number  of  turns.  The 
format  is: 


CWn  a  b  MCn  N,  R 

where:  CWn  =  core  winding  ID 

a  and  b  =  core  winding  terminal  node  names 
MCn  =  magnetic  core  ID  for  core  linked  by  winding 
N  =  number  of  winding  turns  on  magnetic  core 
R  =  resistance  of  winding 

The  winding  resistance  must  not  assume  a  value  of  zero.  The  winding  resis¬ 
tance  specification  is  optional;  NET-2  will  supply  .0001  as  a  default  value. 

Current  flowing  through  the  core  windings  associated  with  a  particular  mag¬ 
netic  core  produces  a  magnetomotive  force  F  on  the  core.  The  core  undergoes 
a  change  in  magnetic  flux  as  a  result  of  the  application  of  the  magnetomotive 
force.  This  change  in  flux  induces  a  switching  signal  back  into  the  various 
core  windings.  The  switching  is  electrically  represented  in  the  core  winding 
by  a  series  impedance  and  voltage  source. 

The  equivalent  circuit  for  the  core  winding  is  shown  in  Fig.  2-12. 


Figure  2-12.  Core  Winding  Equivalent  Circuit 


The  circuit  elements  Rc  and  Vc  represent  the  Thevenin  equivalent  circuit 
of  the  magnetic  core  and  are  given  by: 


R  =  N  <J> ' 
c 


V  =  N<t>  -  R  i 
c  c 

where:  £  =  the  time  rate  of  flux  change, 

4>  =  the  flux  in  the  magnetic  core  linked  by  the  winding  due  to 
currents  flowing  in  all  windings  linking  that  core. 


_  M. 


,  where  F  is  the  magnetomotive  force  producing  the  flux  4>, 


N  =  the  number  of  turns  of  core  winding  linking  magnetic  core , 
R  =  core  winding  resistance. 


i  =  current  through  core  winding. 

Details  concerning  the  derivation  of  the  core  winding  model  may  be  found 
in  the  MTRAC  report  by  Nitzan  and  Herndon1  . 


The  voltage  v  across  the  core  winding  is  given  by 

v  =  e  -  e, 
a  b 

where  e  and  e,  are  the  node  voltages  at  nodes  a  and  b,  respectively, 
a  b 

The  current  i  flowing  through  the  winding  is  given  by 


v  -  V 

_ c 

R  +  R 


The  power  dissipation  P  is  given  by 


P  =  iv 


The  user  may  make  reference  to  the  number  of  turns  N,  the  series  resistance 
R,  the  voltage  v  across  the  winding,  the  current  i  through  the  winding,  and 
the  power  dissipation  P  of  the  winding  by  using  the  symbolic  names  CWn,  CWn.l, 
V(CWn),  i(CWn),  and  P(CWn),  respectively. 
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2,22  Magnetic  Core 


NET-2  contains  a  model  for  a  square  loop  magnetic  core  linked  with  an 
arbitrary  number  of  windings.  The  model  was  developed  by  Nitzan  and  is 
similar  to  the  core  model  used  in  the  MTRAC  program. The  core  model 
in  NET-2  accepts  only  <f>(F)  curve  data,  as  opposed  to  the  MTRAC  model 
which  also  accepts  B(H)  curve  data.  The  magnetic  core  model  is  applicable 
to  ferrite  cores  and  to  slowly  switching  tape-wound  metallic  cores  with 
different  4>(F)  characteristics. 

The  magnetic  core  model  has  no  electrical  terminals.  Linkage  to  the 
electrical  circuit  is  accomplished  through  core  windings  which  are 
associated  with  a  particular  magnetic  core.  The  format  is: 

MCn  (p)  Type  <f> 

where:  MCn  =  magnetic  core  ID 

p  =  optional  parallel  segment  designation  (including  associated 
windings ) 

Type  =  type  name  for  magnetic  core 

4>  =  initial  remanent  magnetization  of  core,  expressed  as  a  signed 

fraction  of  the  remanent  magnetization  parameter  4> 

The  specification  of  <J>  is  optional;  NET-2  will  supply  0  as  a  default  value. 

The  magnetic  core  requires  device  parameters  from  the  Device  Parameter 
Library.  The  model  number  is  9- 

The  core  model  accounts  for  both  elastic  and  inelastic  switching  components 
of  flux.  The  total  <f>  is  the  sum  of  these  two  components: 


b  +  <J>. 
e  l 


Since  i 


*'  =  we  must  also  have 
dr 


si  si . 

I  e  ^  i 

’  =  SF  SF 


K  + 


Models  for  and  i.  are  described  in  2.22.1  and  2.22.2. 


The  quantity  <J  is  given  by 


4> 

e 


=  eF 


where 


e 


P 


1 


=  H  L 
a  o 


p  =  H  L. 
3  a  i 


The  quantity  ^  is  given  by 


+ 


e'f 


whore 


sPn 


H 


and  s  =  sign  (F) . 

The  calculation  of  and  ^  may  be  bypassed  if  desired  (2.22.5) 


2.22.2  Inelastic  4>  Components 
•The  quantity  is  given  by 


where  s  =  sign  (F). 

_  •  • 

By  differentiating  <j>^  with  respect  to  F  we  obtain  $  J  as 


“I 

^  2s<j>  +  <t>s  -  <t>d  ^ 

2 

| 

6  *  +  Udi 

P  P 

(2s<p  +  <j>  -  (p  )  ( s4>  +  <p  ) 

s  a  s 

^  ^S  +  *d  j 

(<ps  +  *d)3 

__ 

_ 

_ 

where  <j’  =  d$  (F)/dF  and  4> *  =  d<t>  (F)/dF. 
p  p  d  d 

Models  for  <J>d,  <f>^,  ^ ,  and  4>^  are  described  in  2.22.3  and  2.22.U 
2.22.3  Static  <|>(F)  Curve  Model 

The  equations  which  describe  in  piecewise  fashion  the  ( F )  curve  are  pre¬ 
sented  in  this  section.  First  a  general  model  is  given,  encompassing  all 
regions  of  the  curve.  Then,  certain  portions  of  the  curve  are  deleted, 
leading  to  simplified  curves  requiring  fewer  device  parameters  to  describe 
the  curve  shape. 


90 


2.22.3.1  General  <ft(F)  Curve 

Fig.  2-13(a)  illustrates  the  general  4> ( F )  curve  shape,  representing  the 
quantity  as  a  function  of  magnetomotive  force  F.  The  curve  consists 
of  six  regions. 

Regions  1,  U,  and  5  describe  (J>a(F)  of  ferrite  cores  with  no  4>d  jump  at 
the  threshold  F  =  F^.  Regions  2  and  3  extend  the  <(>£  behavior  to  ferrite 
cores  with  ^  jumps  and  to  tape-wound  metallic  cores  of  various  types. 

Region  1  is  an  extension  of  the  region  of  negative  saturation.  It  is 
described  by  the  function 


s 

TT 


L.  )H 
l  a 


F  In 


F  -  H  L 
a  o 

F  -  H  L. 
a  l 


where  and  L0  are  inside  and  outside  circumferential  lengths  and  Ha  is 
a  material  saturation  constant . 


Region  2  accounts  for  a  possible  curvature  in  4>(i(F) ,  such  as  may  be  found 
in  tape-wound  cores.  This  curvature  is  described  by  a  four -parameter 

function  of  the  form  p^  +  pg(F  -  Fgp)  +  ^g(F  *  F^)*5^  which  satisfies  the 

following  requirements:  It  is  tangent  to  $d(F)  of  Region  1  at  the  point 

(F^,  >  thus  fixing  p,.  and  pg,  and  it  passes  through  the  points 

^Fd2’  ^d2^  and  ^Fdz’  1^‘t’dl  +  <*>d2^’  where  l/2(Fdl  +  F^)  lFd2’ 

thus  fixing  p^.  and  pg.  Note  that  F^z  affects  the  curvature  of  <t>d(F)  and 

that  if  F .  =  1/2(FJ,  +  F„),  then  4>,(F)  becomes  a  straight  line  connecting 

dz  dl  dd  d 

the  points  (F^^,  i)>dl)  and  (F^,  $d?).  Region  2  may,  alternatively,  be  used 

to  approximate  a  jump  in  <|>d(F)  at  F  =  Fdd  by  a  monotonically  increasing 
4>d(F)  (usually,  a  straight  line  of  a  high  slope)  in  order  to  prevent  com¬ 
putational  oscillations. 


Region  3  is  a  straight  line  between  the  points  (FJO,  and  (F._,  <(>,.,) . 

ad  ad  d3  d3 

This  region  is  included  because  a  large  portion  of  the  static  <j>(F)  curve 
of  a  tape-wound  core,  whose  static  B(H)  loop  is  square,  is  linear.  The 
larger  the  ratio  OD/ID  of  the  core,  the  lower  the  slope  of  Region  3. 
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Regions  1+  and  5  (or  Region  5  alone)  describe  the  nonlinear  portion  of 
from  nonsaturation  to  saturation.  These  regions  cover  most  of 
the  static  <f>(F)  curve  of  a  ferrite  core.  In  the  case  of  a  tape-wound 
core,  the  <{>d(F)  "wing"  that  approaches  saturation  is  likely  to  be 
described  by  Region  5  alone.  Region  1*  is  described  by  the  function 


and  Region  5  is  described  by  the  function 


in  which  H  and  H  are  material  nonsaturation  constants  and 
n  q 


where 


*r 

H  =  H  +  H  +  H  +  —  (H  +  H  -  H) 
saqn<J>  a  q  n 

s 


Region  6  describes  ^(F)  in  the  positive  saturation  region.  It  is  anti¬ 
symmetric  to  Region  1  if  the  latter  were  extended  to  the  region  of  negative 
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i?  " 


F.  Because  of  the  antisymmetric  relation  4*^ ( F* )  =  —  4>  ^ ( — F ) ,  Region  6  is 
described  by  the  function 


>da  =  (L  S-  L .  Th  F  ln  1 
o  la 


F  +  H  L 
a  o 

F  +  H  L. 
a  i 


where  <b,  (F)  denotes  <fc.(F)  in  Region  6. 
ds  d  , 

d<t'd 

The  quantity  <t>^  is  given  by  -jj—  and  is  the  slope  of  the  4>d(F)  curve. 


2.22.3.2  Simplified  <f> ( F )  Curves 

The  general  curve  for  4>(F)  described  in  2.22.3.1  can  frequently  be  simpli¬ 
fied  for  specific  cores,  depending  upon  the  material,  dimensions,  and  the 
temperature  of  these  cores.  Assuming  that  Regions  1  and  6  are  nonlinear, 
six  simplified  models,  referred  to  as  Types  1  through  6,  are  distinguished 
in  Fig.  2-13(b).  Note  that  no  distinction  is  made  between  the  case  of  both 
Regions  b  and  5  and  the  case  of  Region  5  alone  because  the  two  cases  are 
related.  Usually,  polycrystalline  ferrite  cores  are  characterized  by  Types 
2  and  1*,  whereas  gain-oriented  tape-wound  cores  may  exhibit  any  type. 

These  simplified  curves  are  obtained  by  eliminating  one  or  more  regions 
from  the  general  curve  as  follows: 

Type  1  —  Region  2  is  eliminated. 

Type  2  —  Region  3  is  eliminated. 

Type  3  —  Regions  U  and  5  are  eliminated. 

Type  b  —  Regions  2  and  3  are  eliminated. 

Type  5  —  Regions  2,  U,  and  5  are  eliminated. 

Type  6  —  Regions  3,  **,  and  5  are  eliminated. 
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2.22.1*  (f)  Curve  Model 

_ E _ 


Fig.  2-lU  shows  the  dependency  of  £  upon  F.  The  equations  which  describe 


this  curve  are: 


0 

for 

0  <  F  <  F 

—  —  dl 

xd(r  -  v”4 

for 

F  <  F  <  F 
dl  -  -  dB 

X(F  -  F")V 

for 

F  <  F  <  F 

dB  -  -  B 

o 

PL, 

Q. 

for 

F  <  F  <  F 

B  -  -  B1 

V<F  '  V 

for 

F  <  F 

B1  - 

This  model  includes  a  linear  <t>p(F)  region  for  F  >_  Fgg.  This  region  has 
been  observed  with  some  tape-wound  metallic  cores.  For  most  cases,  however, 
this  additional  region  is  unnecessary  and  will  be  avoided  automatically  by 
assigning  a  zero  value  to  Fgg. 


Differentiation  with  respect  to  F  of  the  equations  for  $  lead  to  a  set  of 
equations  for  :  P 


0 

for 

°  <  F  <  F.. 

—  —  dl 

Vd(F  -  pdi)Vd/(F  -  "dl5 

for 

F  <  F  <  F 
dl  -  -  dB 

vX(F  -  Fq )V/(F  -  Fq ) 

for 

F  <  F  <  F 
dB  -  -  B 

PP 

for 

F  <  F  <  F 

B  -  -  B1 

i — 1 

Ph 

Q. 

for 

F  <  F 

B1  - 
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Nine  parameters  (Ad>  vd>  P^,  F”,  A,  v,  F0,  FQ,  and  p  )  define  the  first 

four  regions  of  the  (F)  curve.  However,  the  values  of  some  of  these 

parameters  may  be  approximated  quite  closely  from  the  values  of  the 
remaining  parameters . 

For  continuity,  the  expressions  for  l  (F)  and  d0  (F)/dF  of  neighboring 

P  P 

regions  must  be  equal  at  the  borders  F  =  F  and  F  =  FD. 

dB  B 


F  -  F 
dB  dl 


(v/vd} 


(F  -  F 
v  dB  dl 


v  -v 
i  d 


Continuity  at  F  =  F  imposes  the  relations 

J3 


V 


P 

X  «  - E - 

v(PB  -  F'J)''-1 


These  relations  impose  four  constraints  on  the  nine  parameters  required. 
Hence,  only  five  parameters  are  needed  to  completely  specify  $  vs  F. 

P 

In  addition,  the  parameter  F  g  can  be  obtained  from  the  empirical  relation 


F 


dB 


=  1.15  F 


tt 

0 


Thus,  if  the  values  of  F^,  Fg,  FQ,  and  p  are  known,  the  remaining  par  am- 

•  r 

eters  required  for  the  ^(F)  curve  may  be  determined. 
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2.22.5  Magnetic  Core  Parameter  Data 

Since  the  magnetic  core  model  may  be  used  in  several  optional  forms,  it  is 
useful  to  summarize  the  parameter  subsets  which  are  required  for  each  of 
the  options. 

Basically  the  core  model  consists  of  two  parts,  namely,  a  model  for  elastic 
flux  switching  and  a  model  for  inelastic  flux  switching.  The  inelastic 
model,  in  turn,  is  derived  from  two  characteristic  curves,  <t>d(F)  and  4>  (F), 
shown  in  Figs.  2-13  and  2-lU,  respectively.  P 

NET  permits  the  user  to  bypass  the  elastic  model  completely  for  any  partic¬ 
ular  core,  if  desired.  This  is  done  by  setting  the  device  parameter  ELAS  =  0. 
When  the  elastic  switching  is  bypassed  NET  sets  4>£  =  ^  =  0. 

NET  also  provides  a  parameter  for  each  magnetic  core  to  assist  in  convergence 
of  the  currents  in  the  individual  core  windings  which  link  that  core.  This 
parameter,  PSTEP,  normally  has  a  value  of  zero,  in  which  case  Aitken's  formula 
is  used  to  smooth  the  core  winding  currents.  An  alternate  value  of  unity  for 
PSTEP  accomplishes  smoothing  by  a  simple  averaging  technique,  based  on  present 
and  immediate  past  values  of  currents. 


2.22.5.1  4>(F)  Curve  Parameter  Data 

The  4>(F)  curve  in  its  most  general  form  (Type  0)  requires  the  quantities 

V  V  Fdl’  Fdz’  Fd2 ’  Fd3 ’  *d2’  V  L0 ’  Ha’  V  Hn  t0  be  sPecified- 
However,  if  Region  2  is  linear  (with  either  finite  or  infinite  slope), 
the  quantity  Fdz  =  0  is  specified.  If  Region  2  is  linear  and  has  an  in¬ 
finite  slope  (jump),  the  quantity  F^g  =  0  is  specified. 

When  simplified  models  are  used  for  $(F)  curve,  certain  parameters  may  be 
omitted.  These  are  summarized  below: 


Type  1 

—  Omit 

Fdz’  Fd2’ 

<t>d2 

Type  2 

—  Omit 

Fd3 

Type  3 

—  Omit 

V  Hn 

Type  1* 

—  Omit 

Fdl’  Fdz’ 

Fd2’  Fd3’  <t’d2 

Type  5 

—  Omit 

Fdz’  Fd2 ’ 

*d2’  V  Hn 

Type  6 

—  Omit 

Fd3’  <f’d2’ 

H  ,  H 
q  n 

In  types  0,  2,  3,  and  6  the  quantities 
depending  upon  whether  or  not  Region  2 
slope,  as  described  above. 


Fdz  and  Fd2  may  or  may  not  be  required 
is  linear  and  has  finite  or  infinite 
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2.22.5.2  $  (F)  Curve  Parameter  Data 

- E _ 

The  4>p(F)  curve  in  its  most  general  form  requires  specification  of  the 
quantities  P^,  T”t  X,  v,  Ffi,  FQ,  pp,  Ffil,  FQ1,  Ppl. 

If  Region  2  is  unknown,  set  F^g  =  X^  =  =  0  (NET  will  approximate  these 

as  indicated  below.  If  Region  5  (Fg^  <_ F)  is  absent,  set  Fg^  =  0  (F 
and  p  need  not  be  specified). 

NET  provides  default  values  automatically  for  certain  quantities  whose 
values  are  entered  as  zero  by  the  user.  The  default  values  are  given 
below: 

If  <t>  =  0,  <f>  =  l.li() 

s  s  r 


If  v  =  0,  v 


F  -  F" 
_B _ _0 

F  -  F 
B  0 


If  X  =  0,  X 


-  FS 


,  v-1 


F  -  F 
dB  dl 

If  va  -  0,  va  .  f— nj- 


If  X  =  0,  X,  =  X 
d  d 


(v/vd)' 


(F  -  F  )Vd""V 
v  dB  dl '  u 


if  FdB  =  °*  pdB  =  i-i5p; 


If  F  <  —  (F  +F  )  F  =  i  (p  +v  ' 

dz  2  ^  dl  *  62  *  dz  2  Udl  Fd2; 
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The  symbols  used  by  NET-2  to  represent  the  magnetic  core  parameters  are 
given  in  Table  2-13.  The  user  may  control  and  reference  any  quantity  for 
which  a  NET  symbol  has  been  assigned.  Only  numerical  constants  may  be 
used  for  parameter  values. 

Reference  to  a  device  parameter  within  the  LIBRARY  Entry  is  accomplished 
by  simply  using  the  symbolic  parameter  name.  References  in  all  other 
entries  are  made  using  the  symbolic  name  MCn.x  where  x  is  the  parameter 
name . 

The  user  may  also  reference  the  initial  remanent  magnetization  factor  $ 
by  using  MCn  as  the  symbolic  name.  o 


♦  (F)  curve  mmf  value  FDB  I  ma-tums  I  0  I  Optional  (See  2.22. 5-2) 


Equation  NET  NET  Default 

Symbol  Name  Symbol  Units  Value  Comments 


2.23  Combinance 


The  combinance  is  a  two  terminal  Linvill  element  connected  between  a 
carrier  node  and  a  circuit  node.  The  carrier  node  may  represent  either 
holes  or  electrons.  The  format  is: 

HCn  (p)  F  J  Value 

where:  HCn  =  combinance  ID 

p  =  optional  parallel  segment  designation 
F  =  circuit  node  name 
J  =  carrier  node  name 
Value  =  combinance  value 

The  combinance  is  represented  schematically  as  shown  in  Fig.  2-15. 


F 


J 


Figure  2-15.  Schematic  Representation  of  Combinance 


If  pj  is  the  excess  carrier  density  at  carrier  node  J,  the  conventional 
current  flow  I  is  given  as 


1  =  H  pT 

c  J 


The  user  may  reference  the  combinance  value  and  the  combinance  current  by 
using  the  symbolic  names  HCn  and  i(HCn),  respectively. 
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2.24  Storance 


The  storage  is  a  two  terminal  Linvill  element  connected  between  a  carrier 
node  and  a  circuit  node.  The  carrier  node  may  represent  either  holes  or 
electrons.  The  format  is: 

STn  (p)  F  J  Value 

where :  STn  =  storance  ID 

p  =  optional  parallel  segment  designation 
F  =  circuit  node  name 
J  =  carrier  node  name 
Value  =  storance  value 

The  storance  is  represented  schematically  as  shown  in  Fig.  2-l6. 

F 

S»l  I  \l 

O 

J 


Figure  2-16.  Schematic  Representation  of  Storance 


If  pj  is  the  excess  carrier  density  at  carrier  node  J,  the  conventional 
current  flow  I  is  given  as 


dpJ 


dt 


The  user  may 
the  symbolic 


reference  the 
names  STn  and 


storance  value  and  the  storance  current  by  using 
i(STn),  respectively. 
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2.25  Diffusance 


The  diffusance  is  a  two  terminal  Linvill  element  connected  between  two 
carrier  nodes.  The  carrier  nodes  may  represent  either  holes  or  electrons, 
and  in  general  each  node  will  represent  a  different  excess  carrier  density 
in  the  same  type  of  material.  The  format  is: 

HDn  (p)  J  K  Value 

where:  HDn  =  diffusance  ID 

p  =  optional  parallel  segment  designation 
J  =  carrier  node  name 
K  =  carrier  node  name 
Value  =  diffusance  value 

The  diffusance  is  represented  schematically  as  shown  in  Fig.  2-17. 


Hd 

I  1 - OK 


Figure  2-17.  Schematic  Representation  of  Diffusance 


If  pj  and  p£  are  the  excess  carrier  densities  at  carrier  nodes  J  and  K, 
respectively,  the  conventional  current  flow  I  is  given  as 

1  =  Hd(pj  -  V 

The  user  may  reference  the  diffusance  value  and  the  diffusance  current 
by  using  the  symbolic  names  HDn  and  i(HDn),  respectively. 
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2.26  Driftance 


The  driftance  is  a  two  terminal  Linvill  element  connected  between  two 
carrier  nodes.  The  carrier  nodes  may  represent  either  holes  or  electrons, 
and  in  general  each  node  will  represent  a  different  excess  carrier  density 
in  the  same  type  of  material.  The  format  is 

DFn  (p)  J  K  Value 

where:  DFn  =  driftance  ID 

p  =  optional  parallel  segment  designation 
J  =  carrier  node  name 
K  =  carrier  node  name 
Value  =  driftance  value 

The  driftance  is  represented  schematically  as  shown  in  Fig.  2-18. 


JO - HO - OK 


Figure  2-18.  Schematic  Representation  of  Driftance 


If  pj  and  pj^  are  the  excess  carrier  densities  at  carrier  nodes  J  and  K 
respectively,  the  conventional  current  flow  I  is  given  by 


1  =  Df(pJ  +  PK} 

The  user  may  reference  the  driftance  value  and  the  driftance  current  by 
using  the  symbolic  names  DFn  and  i(DFn) ,  respectively. 
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2.27  Linvill  pn  Junction 


The  Linvill  pn  junction  is  a  modeled  device  consisting  of  two  circuit 
nodes  and  two  carrier  nodes.  A  nonlinear  depletion  capacitance  is 
connected  across  the  circuit  nodes,  and  a  nonlinear  expression  relates 
carrier  densities  at  tne  two  carrier  nodes  to  the  voltage  between  the 
circuit  nodes. 


The  Linvill  pn  junction  is  a  modeled  device  and  requires  device  param¬ 
eters  from  the  Device  Parameter  Library.  The  model  number  is  8. 


The  format  for  the  pn  junction  is 


=  pn  junction  ID 

optional  parallel  segment  designation 
circuit  node  in  p  material 
circuit  node  in  n  material 
carrier  node  in  p  material 
carrier  node  in  n  material 
■  =  pn  junction  type  name 


The  equivalent  circuit  for  the  Linvill  pn  junction  is  shown  in  Fig.  2-19 


P  MATERIAL 


N  MATERIAL 


Figure  2-19*  Schematic  Representation  of  Linvill  pn  Junction 


Associated  with  carrier  node  J  is  an  excess  electron  density  n^  which  is 
given  by 


,0v  , 

nT  =  -n  (e  -1 , 
J  DC 


where  v  is  the  Junction  voltage. 

Similarly,  there  is  associated  with  carrier  node  K  an  excess  hole  density 

p..  which  is  given  by 
K. 


,  0V  , 
Pno(e  "l} 


The  quantities  nj  and  pK  are  represented  in  the  calculation  as  the  node 
voltages  at  nodes  J  and  K,  respectively. 

The  depletion  capacitance  C  is  given  by 


Kirchhoff's  current  law  is  observed  through  the  following  relations 


where  i^  is  the  charging  current  for  the  depletion  capacitance. 


2.27.1  Linvill  pn  Junction  References 


The  symbols  used  by  NET-2  to  represent  the  Linvill  pn  junction  parameters 
are  given  in  Table  2-lU.  The  user  may  control  and  reference  any  quantity 
for  which  a  NET  symbol  has  been  assigned.  Only  numerical  constants  may  be 
used  for  parameter  values. 


References  to  a  device  parameter  within  the  LIBRARY  Entry  is  accomplished 
by  simply  using  the  symbolic  parameter  name.  References  in  all  other 
entries  are  made  using  the  symbolic  name  PNn.x  where  x  is  the  parameter 
name. 
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2.28  Current  Controlled  Modal  Variable 


NET-2  contains  a  special  element  which  sets  the  nodal  voltage  at  a  specified 

node  r  equal  to  the  current  flowing  in  a  resistance  inserted  into  the  network. 

The  format  is: 

CCNVn  (p)  a  b  r  R 

where:  CCNVn  =  element  ID 

p  =  optional  parallel  segment  designation 
a  and  b  =  node  names  for  connecting  resistance 
r  =  node  name  for  nodal  variable 
R  =  resistance  value 


The  node  voltage  e^  at  node  r  is  given  by 


e  = 
r 


e  -  e. 
a  b 


where  e  and  e,  are  the  node  voltages  at  nodes  a  and  b,  respectively, 
a  b 

The  resistance  R  must  not  assume  a  value  of  zero.  The  resistance  is 
completely  specified  by  this  element  format  and  the  user  is  not  required 
to  include  a  separate  resistor  entry  to  describe  the  resistance. 

The  user  may  reference  the  resistance  value  and  the  nodal  variable  by 
using  the  symbolic  names  CCNVn  and  N(r),  respectively. 
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3.  SYSTEM  ELEMENTS 


This  chapter  describes  the  system  elements  available  in  NET-2.  For  each 
system  element  information  is  included  on  the  element  description  format, 
the  function  performed  by  the  element,  and  symbolic  names  for  all  para¬ 
meters  which  may  be  associated  with  the  element.  The  element  parameters 
may  be  designated  by  numerical  constants  or  mathematical  expressions. 
Multiple  values  must  always  be  separated  by  commas. 

Unless  otherwise  noted,  there  are  no  computational  delays  associated  with 
the  system  elements  when  their  parameter  values  are  specified  by  numerical 
constants . 


3.1  SUM  Element 

The  SUM  element  forms  the  algebraic  sum  of  quantities  appearing  at  the 
input  nodes.  There  may  be  as  many  input  nodes  as  desired.  Each  input 
node  name  may  be  prefixed  with  a  minus  sign  to  indicate  that  the  negative 
of  the  quantity  at  that  node  is  to  be  used  in  the  algebraic  sum.  The 
format  is: 

SUMn  0UT  INI  IN2  . 

where :  SUMn  =  element  ID 

0UT  =  output  node  name 

INI,  IN2,  etc.  =  input  node  names  (a  minus  sign  may  prefix  the  node 
name  to  indicate  subtraction). 

An  example  of  the  use  of  this  element  is 

SUM35  A  3k  -G3  57  -2 

In  this  example  the  sum  appears  at  node  A  and  is  formed  by  adding  the 
quantities  at  nodes  3^  and  57  and  subtracting  the  quantities  at  nodes  G3 
and  2. 


3.2  GAIN  Element 


The  GAIN  element  multiplies  the  quantity  at  the  input  node  by  a  factor  K 
to  form  the  output  quantity.  The  format  is: 

GAINn  IN  0UT  K 

where:  GAINn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 
K  =  gain  value 

The  user  may  reference  the  value  of  K  by  using  GAINn  as  the  symbolic  name. 


3.3  MULT  Element 


The  MULT  element  forms  the  product  (including  quotients)  of  quantities 
appearing  at  the  input  nodes.  There  may  be  as  many  input  nodes  as 
desired.  The  format  is: 

MULTn  0UT  INI  IN2  . 

where:  MULTn  =  element  ID 

0UT  =  output  node  name 

INI,  IN2,  etc.  =  input  node  names 

Any  input  node  name  may  be  prefixed  with  a  minus  sign  to  indicate  that 
division  by  the  quantity  appearing  at  that  node  is  desired  instead  of 
multiplication.  Division  by  zero  value  is  prohibited. 

An  example  of  the  use  of  this  element  is 

MULTU6  J  -5  98  25  -67 

The  output  quantity  which  appears  at  node  J  is  formed  by  the  product  of 
the  quantities  at  nodes  98  and  25  divided  by  the  product  of  the  quantities 
at  nodes  5  and  67. 
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i.U  GQRT  moment 


The  SORT  element  delivers  a  quantity  at  the  output  node  which  is  the 
positive  square  root  of  the  quantity  at  the  input  node.  The  format  is: 

SQRTn  IN  0UT 

where:  SQRTn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

Care  must  he  taken  to  avoid  a  negative  quantity  at  the  input  node. 


3.5  ABS  Element 


The  ABS  element  delivers  a  quantity  at  the  output  node  which  is  the  absolute 
value  of  the  quantity  at  the  input  node.  The  format  is: 

ABSn  IN  0UT 

where :  ABSn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 


3 ■ 6  SIGN  Element 

The  SIGN  element  delivers  a  quantity  at  the  output  node  which  is  formed  by 
combining  the  magnitude  of  the  quantity  at  the  first  input  node  with  the 
sign  of  the  quantity  at  the  second  input  node.  The  format  is: 

SIGNn  INI  IN 2  0UT 

where :  SIGNn  =  element  ID 

INI  =  input  node  name  for  magnitude  quantity 
IN2  =  input  node  name  for  sign  quantity 
0UT  =  output  node  name 
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3.Y  MAX  Element 


The  MAX  element  delivers  a  quantity  at  the  output  node  which  is  the  alge¬ 
braic  maximum  of  the  quantities  which  appear  at  the  input  nodes.  There 
may  be  as  many  input  nodes  as  desired.  The  format  is: 

MAXn  0UT  INI  IN2  IN3  . 

where:  MAXn  =  element  ID 

0UT  =  output  node  name 

INI,  IN2,  IN3,  etc.  =  input  node  names 

3.8  MIN  Element 

The  MIN  element  delivers  a  quantity  at  the  output  node  which  is  the  algebraic 
minimum  of  the  quantities  which  appear  at  the  input  nodes.  There  may  be  as 
many  input  nodes  as  desired.  The  format  is: 

MINn  0UT  INI  IN2  IN3  . 

where:  MINn  =  element  ID 

0UT  =  output  node  name 

INI,  IN2,  IN3,  etc.  =  input  node  names 


3 • 9  TABF  Element 

The  TABF  element  delivers  a  quantity  at  the  output  node  which  is  an  empirical 
function  of  one  or  two  input  node  quantities.  The  empirical  functional 
relationship  is  defined  by  a  one-  or  two-dimensional  table,  using  the  input 
node  quantities  as  arguments  for  the  table  lookup.  There  are  two  formats, 
depending  upon  whether  a  one-  or  two-dimensional  table  is  involved: 

TABFn  TABLEm  0UT  IN 
TABFn  TABLEm  0UT  INI  IN2 

where:  TABFn  =  element  ID 
TABLEm  =  table  ID 
0UT  =  output  node  name 

IN  =  input  node  name  for  a  one-dimensional  table 

INI  and  IN2  =  input  node  names  for  the  first  and  second  arguments, 
respectively,  for  a  two-dimensional  table 


3.L0  INT  Element. 


The  INT  element  delivers  a  quantity  at  the  output  node  which  is  the  time 
integral  of  the  quantity  at  the  input  node.  The  format  is: 

INTn  IN  0UT  K,  Initial 

where:  INTn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

K  =  value  of  the  integrator  gain  factor 

Initial  =  initial  value  of  the  integrator  output  at  zero  time 

The  initial  value  specification  is  optional.  If  it  is  omitted  a  default 
value  of  zero  will  be  used. 

The  function  performed  by  this  element  can  be  expressed  mathematically  as 


e  (t)  =/  K  e.(t)dt  +  e  (0) 
o  /  1  o 

o 

where  e  (t)  is  the  output  nodal  quantity,  e.(t)  is  the  input  nodal  quantity, 
t  is  the  time  variable,  K  is  the  integrator  gain  factor,  and  e  (0)  is  the 
initial  value  of  the  integrator  output  at  zero  time.  This  function  is 
represented  as  K/s  in  the  AC  small  signal  calculation. 

The  user  may  reference  the  integrator  gain  factor  K  and  the  initial  value 
by  using  the  symbolic  names  INTn  and  INTn.l,  respectively. 


3.11  PER IV  Elerrcnt 


The  DERIV  element  delivers  a  quantity  at  the  output  node  which  is  the  time 
derivative  of  the  quantity  at  the  input  node.  The  format  is: 

DERIVn  IN  0UT 

where:  DERIVn  =  element  ID 
IN  =  input  node  name 
0UT  =  output  node  name 

The  DERIV  element  is  represented  by  the  transfer  function  s  in  the  AC  small 
signal  calculation. 
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3.12  Transfer  Functions  in  the  s-plane 

NET-2  has  a  group  of  system  elements  which  accomplish  the  basic  s-plane 
transfer  function  operations.  Each  element  has  an  input  and  output  node 
and  one  or  more  values  to  represent  the  quantities  in  the  transfer  function. 

In  each  of  the  elements  the  quantity  at  the  output  node  is  equal  to  the 
appropriate  transfer  function  operating  on  the  input  node  quantity. 

In  the  formats  given  below,  IN  is  the  input  node  name,  0UT  is  the  output 
node  name,  and  a,  b,  c,  and  d  are  values  in  the  transfer  function  expression. 

The  transfer  function  l/(s+a)  is  available  through  the  format 

XFPn  IN  0UT  a 

The  transfer  function  (s+a)/(s+b)  is  available  through  the  format 
XFZPn  IN  0UT  a,  b 

The  transfer  function  s/(s+a)  is  available  through  the  format 
XFSPn  IN  0UT  a 

The  transfer  function  l/(s2+as+b)  is  available  through  the  format 
XFCPn  IN  0UT  a,  b 

The  transfer  function  (s+a)/(s2+bs+c )  is  available  through  the  format 
XFZCPn  IN  0UT  a,  b,  c 

The  transfer  function  (s2+as+b )/ ( ( s+c ) (s+d) )  is  available  through  the  format 
XFCZDPn  IN  0UT  a,  b,  c,  d 

The  transfer  function  (s2+as+b)/(s2+cs+d)  is  available  through  the  format 
XFCZCPn  IN  0UT  a,  b,  c,  d 

The  user  may  reference  the  values  of  a,  b,  c,  and  d  where  they  are  applicable 
by  symbolic  names  of  the  form  XXXn,  XXXn.l,  XXXn.2,  and  XXXn.3,  respectively, 
where  XXX  is  the  appropriate  transfer  function  element  prefix.  For  example, 
the  value  of  c  in  element  XFCZDP35  is  referenced  by  XFCZDP35.2. 
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3.13  L0G  Element 


The  L0G  element  delivers  a  quantity  at  the  output  node  which  is  the  natural 
logarithm  of  the  quantity  at  the  input  node.  The  format  is: 

L0Gn  IN  0UT 

where:  L0Gn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

Care  must  he  taken  to  avoid  a  negative  or  zero  quantity  at  the  input  node. 


3.1**  EXP  Element 


The  EXP  element  delivers  a  quantity  at  the  output  node  which  is  the  exponential 
function  of  the  quantity  at  the  input  node.  The  format  is: 

EXPn  IN  0UT 

where:  EXPn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 


3.15  EXPN  Element 


The  EXPN  element  delivers  a  quantity  at  the  output  node  which  is  the  quantity 
at  the  first  input  node  raised  to  a  power  given  by  the  quantity  at  the  second 
input  node .  The  format  is : 

EXPNn  INI  IN2  0UT 

where:  EXPNn  =  element  ID 

INI  =  node  name  for  first  input  node 
IN2  =  node  name  for  second  input  node 
0UT  =  output  node  name 

The  function  performed  by  this  element  can  be 


where  eQ  is  the  output  nodal  quantity,  e^  is  the  nodal  quantity  at  the  first 
input  node,  and  e^  is  the  nodal  quantity  at  the  second  input  node. 

This  element  is  restricted  to  non-negative  values  of  e^,  even  though  the 
exponentiation  process  is  defined  for  negative  e^  when  e^  assumes  integer 
values. 


(the  exponent  node) 
expressed  mathematically  as 


UT 


3.16  SINC0S  Element 


The  SINC0S  element  generates  the  sine  and  cosine  functions  of  an  input 
quantity.  The  format  is: 

SINC0Sn  IN  SIN  C0S 

where:  SINC0Sn  =  element  ID 
IN  =  input  node  name 

SIN  =  output  node  name  for  sine  function 
C0S  =  output  node  name  for  cosine  function 

The  input  quantity  is  expressed  in  radians.  Either  or  both  output  nodes 
may  be  used  for  connection  to  other  parts  of  the  network.  Node  names 
must  be  assigned  to  both  output  nodes  even  though  only  one  is  used. 


3.17  AS IN  Element 

The  ASIN  element  delivers  a  quantity  at  the  output  node  which  is  the 
inverse  sine  function  of  the  quantity  at  the  input  node.  The  format  is: 

ASINn  IN  0UT 

where:  ASINn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

The  output  quantity  is  expressed  in  radians.  The  input  quantity  e^  must 
be  in  the  range  -1  <  e.  <  +1,  and  the  output  quantity  eQ  is  constrained 
to  the  range  -tt/2  <  e^  <  n/2. 


AC0S  Element 


The  AC0S  element  delivers  a  quantity  at  the  output  node  which  is  the  inverse 
cosine  function  of  the  quantity  at  the  input  node.  The  format  is: 


AC0Sn  IN  0UT 


where:  AC0Sn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

The  output  quantity  is  expressed  in  radians.  The  input  quantity  e^  must  be 
in  the  range  -1  <  e.  <  +1,  and  the  output  quantity  eQ  is  constrained  to  the 
range  0  <  eQ  <  tt  . 
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3 . 19  ATAN  Element 


The  ATAN  element  delivers  a  quantity  at  the  output  node  which  is  the  inverse 
tangent  function  of  the  quantity  at  the  input  node.  The  format  is: 

ATANn  IN  0UT 

where:  ATANn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

The  output  quantity  e  is  expressed  in  radians  and  is  constrained  to  the 
range  -tt/2  <  tt/2 . 


3.20  TANH  Element 

The  TANH  element  delivers  a  quantity  at  the  output  node  which  is  the 
hyperbolic  tangent  of  the  quantity  at  the  input  node.  The  format  is: 

TANHn  IN  0UT 

where:  TANHn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

The  input  quantity  is  expressed  in  radians. 

3.21  LIM  Element 


The  LIM  element  performs  symmetric  limiting  on  the  input  node  quantity  and 
delivers  the  result  to  the  output  node.  The  format  is: 

LIMn  IN  0UT  Limit 

where:  LIMn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

Limit  =  value  of  the  upper  (positive)  limit 

The  LIM  element  clips  the  input  quantity  at  the  positive  and  negative 
limits.  If  the  input  quantity  is  between  the  limits,  the  output  quantity 
is  equal  to  the  input  quantity. 

The  user  may  reference  the  limit  value  by  using  LIMn  as  the  symbolic  name. 
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3 . 22  Ll.\  :.NT  Element 


The  LIMINT  element  performs  the  function  of  limit  integration  of  the  quantity 
at  the  input  node  and  delivers  the  result  to  the  output  node.  The  LIMINT 
output  quantity  is  the  time  integral  of  the  input  quantity  provided  that  the 
magnitude  of  the  output  quantity  does  not  exceed  a  specified  limit  value.  If 
the  limit  value  is  reached  and  integration  of  the  input  quantity  is  such  as 
to  try  to  increase  the  output  quantity  magnitude,  the  output  quantity  is 
held  at  the  appropriate  limit  value.  However,  if  the  output  is  at  a  limit 
value  and  the  input  is  such  as  to  try  to  decrease  the  magnitude  of  the  out¬ 
put,  the  output  will  immediately  decrease  in  magnitude  and  normal  integration 
will  resume.  The  format  is: 

LIMINTn  IN  0UT  K,  Limit,  Initial 

where :  LIMINTn  =  element  ID 
IN  =  input  node  name 
0UT  =  output  node  name 
K  =  value  of  integrator  gain  factor 
Limit  =  value  of  the  upper  (positive)  limit 

Initial  =  initial  value  of  the  integrator  output  at  zero  time 

The  initial  value  specification  is  optional.  If  it  is  omitted  a  default 
value  of  zero  will  be  used. 

The  function  performed  by  this  element  in  the  absence  of  limiting  can  be 
expressed  mathematically  as 

e  (t)  =  /  K  e.(t)dt  +  e  (0) 
oli  o 

o 

where  e  (t)  is  the  output  nodal  quantity,  e.(t)  is  the  input  nodal  quantity, 
t  is  the  time  variable,  K  is  the  integrator1gain  factor,  and  e  (0)  is  the 
initial  value  of  the  integrator  output  at  zero  time.  This  function  is 
represented  as  K/s  in  the  AC  small  signal  calculation. 

The  user  may  reference  the  integrator  gain  factor  K,  the  limit  value, 
and  the  initial  value  by  using  the  symbolic  names  LIMINTn,  LIMINTn. 1,  and 
LIMINTn. 2,  respectively. 
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3.23  RNGEN  Element 


The  RNGEN  element  generates  random  values  at  its  output  node.  It  does 
not  have  an  input  node.  The  format  is: 

RNGENn  0UT  Type 

where :  RNGENn  =  element  ID 

0UT  =  output  node  name 

Type  =  integer  value  specifying  random  number  distribution  type 

If  Type  =  0  the  random  numbers  are  uniformly  distributed  between  0  and  1. 
If  Type  =  1  the  random  numbers  are  distributed  according  to  a  Gaussian  or 
normal  distribution,  with  a  mean  value  of  0  and  a  standard  deviation  of  1. 

A  new  random  number  is  generated  for  each  unique  solution  point,  i.e.,  for 
every  steady  state  solution  point  and  for  every  time  step  during  the 
transient  solution. 

The  user  may  reference  the  value  of  Type  by  using  RNGENn  as  a  symbolic 
name. 


3 . 2U  N0RM  Element 


The  N0RM  element  calculates  the  square  root  of  the  sum  of  the  squares  of 
the  quantities  at  the  input  nodes  and  delivers  the  result  to  the  output 
node.  There  may  be  as  many  input  nodes  as  desired.  The  format  is: 

N0RMn  0UT  INI  IN2  . 

where:  N0RMn  =  element  ID 

0UT  =  output  node  name 

INI,  IN2,  etc.  =  input  node  names 

The  function  performed  by  this  element  may  be  expressed  mathematically  as 


e 

o 


where  e  is  the  output  nodal  quantity  and  e.  is  the  ith  input  nodal 
quantity. 
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3.25  M0D  Element 


The  M0D  element  performs  a  modulo  reduction  on  the  input  nodal  quantity 
and  delivers  the  result  to  the  output  node.  The  format  is: 

M0Dn  IN  0UT  Modulus 


where:  M0Dn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 
Modulus  =  value  of  the  modulus 

The  input  value  and  the  modulus  may  have  any  real  value.  The  output  value 
is  given  by 


e  =  e .  -  [ e . /m ]m 
o  11 

where  e  is  the  output  value,  e.  is  the  input  value,  m  is  the  modulus,  and 
[e^/m]  is  the  greatest  signed  integer  whose  value  is  not  greater  than  e^/m. 

The  user  may  reference  the  value  of  the  modulus  by  using  M0Dn  as  the 
symbolic  name. 

3 ■ 26  QUANT  Element 

The  QUANT  element  performs  quantization  of  the  input  nodal  quantity  and 
delivers  the  result  to  the  output  node.  The  format  is: 

QUANTn  IN  0UT  a,  b 

where:  QUANTn  =  element  ID 
IN  =  input  node  name 
0UT  =  output  node  name 
a  =  value  of  quantization  step  width 
b  =  value  of  quantization  step  height 

The  mathematical  function  performed  by  this  element  may  be  expressed  as 


e  =  [e./a]b 
o  1 

where  e^  is  output  value,  e^  is  the  input  value,  and  [e^/a]  is  the  greatest 
signed  integer  whose  value  is  not  greater  than  e^/a. 

The  user  may  reference  the  values  of  a  and  b  by  using  the  symbolic  names 
QUANTn  and  QUANTn. 1,  respectively. 
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3.27  DELAY  Element 


'Hie  DEJ.AY  element  introduces  a  time  delay  between  the  input  node  and  the 
output  node.  The  format  is: 

DELAYn  IN  0UT  m  T 

where:  DELAYn  =  element  ID 
IN  =  input  node  name 
0UT  =  output  node  name 

m  =  internal  buffer  size  (must  be  an  integer  numerical  constant) 

T  =  value  of  time  delay 

The  DELAY  element  stores  successive  values  of  the  input  nodal  quantity  and 
delivers  them  to  the  output  node  after  a  delay  time  T  has  elapsed.  The 
element  contains  an  internal  buffer  for  purposes  of  storing  the  delayed 
information.  The  internal  buffer  size  m  specifies  the  maximum  number  of 
time  points  which  may  be  stored  in  the  element  at  any  one  time.  Increasing 
the  buffer  size  requires  additional  computer  core  storage  space  but  does 
not  appreciably  alter  the  computation  time. 

The  user  may  reference  the  delay  time  T  using  DELAYn  as  the  symbolic  name. 

3 . 28  SAMPL  Element 

The  SAMPL  element  accomplishes  the  function  of  sample  and  hold.  It  has 
two  input  nodes  and  one  output  node.  The  format  is: 

SAMPLn  INI  IN2  0UT 

where:  SAMPLn  =  element  ID 

INI  =  node  name  for  input  node 
IN2  =  node  name  for  control  node 
0UT  =  output  node  name 

The  output  of  the  SAMPL  element  is  identical  to  the  input  whenever  the 
quantity  at  the  control  node  is  greater  than  zero.  If  the  control  node 
quantity  is  zero  or  negative,  the  output  node  retains  the  last  value  at 
the  input  node  before  the  control  node  became  zero  or  negative.  If  the 
control  node  value  is  zero  or  negative  during  the  DC  steady  state  calcu¬ 
lation,  the  output  node  value  is  zero. 
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3 ■ 29  HYST  Element 


The  HYST  element  is  used  to  represent  hysteresis  effects.  It  consists 
of  an  input  and  output  node  and  three  parameters  which  define  the  shape 
of  the  major  hysteresis  loop.  The  format  is: 

HYSTn  IN  0UT  K,  a,  b 

where:  HYSTn  =  element  ID 

IN  =  input  node  name 
0UT  =  output  node  name 

K  =  value  of  slope  of  side  of  the  hysteresis  loop 
a  =  value  of  the  positive  intercept  on  the  abscissa 
b  =  value  of  the  positive  intercept  on  the  ordinate 

The  relation  between  the  input  and  output  nodal  quantities  are  illustrated 
in  Fig.  3-1  where  the  abscissa  represents  the  input  and  the  ordinate 
represents  the  output.  The  hysteresis  loop  is  symmetric  about  the  origin. 
Minor  cycles  may  be  traversed  within  the  loop  as  shown  by  the  dashed  lines 
in  the  figure.  The  magnitude  of  the  output  is  limited  by  the  value  of  b. 

The  user  may  reference  the  values  of  K,  a,  and  b  by  using  the  symbolic  names 
HYSTn,  HYSTn. 1,  and  HYSTn. 2,  respectively. 
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3.30  AND  Element 


The  AND  element  accomplishes  the  Boolean  function  of  logical  AND.  It 
has  one  output  and  as  many  inputs  as  desired.  The  format  is: 

ANDn  0UT  INI  IN2  . 

where:  ANDn  =  element  ID 

0UT  =  output  node  name 

INI,  IN2,  etc.  =  input  node  names 

A  maximum  of  60  input  nodes  can  be  accommodated.  Any  of  the  node  names 
(including  the  output  node  name)  may  be  prefixed  with  a  minus  sign  to  indicate 
that  the  definition  of  the  Boolean  values  of  0  and  1  are  to  be  interchanged  at 
that  node.  This  permits  logical  complements  to  be  represented  at  the  input 
nodes  without  the  need  for  a  separate  NOT  function,  and  permits  the  output  to 
be  logically  inverted  if  desired.  An  example  is 

AND6T  -0UT  56  -67 

which  implements  the  following  truth  table 

56  67  0UT 

0  0  1 

Oil 
10  0 

111 

Under  normal  conditions  (i.e.,  no  minus  sign  prefixes  on  the  nodes)  a  zero 
or  negative  value  at  an  input  node  represents  a  logical  0,  and  a  value 
greater  than  zero  at  an  input  node  represents  a  logical  1;  a  logical  0  at 
the  output  node  is  represented  by  a  value  of  0,  and  a  logical  1  at  the 
output  node  is  represented  by  a  value  of  1. 
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The  0R  element  accomplishes  the  Boolean  function  of  logical  OR.  It  has 
one  output  and  as  many  inputs  as  desired.  The  format  is: 

0Rn  0UT  INI  IN2  . 


where:  0Rn  =  element  ID 

0UT  =  output  node  name 

INI,  IN2,  etc.  =  input  node  names 

A  maximum  of  60  input  nodes  can  be  accommodated.  Any  of  the  node  names 
(including  the  output  node  name)  may  be  prefixed  with  a  minus  sign  to  indicate 
that  the  definition  of  the  Boolean  values  of  0  and  1  are  to  be  interchanged  at 
that  node.  This  permits  logical  complements  to  be  represented  at  the  input 
nodes  without  the  need  for  a  separate  NOT  function,  and  permits  the  output  to 
be  logically  inverted  if  desired.  An  example  is 

0R6T  -0UT  56  -67 

which  implements  the  following  truth  table 

56  67  0UT 

0  0  0 

Oil 
10  0 

110 

Under  normal  conditions  (i.e.,  no  minus  sign  prefixes  on  the  nodes)  a  zero 
or  negative  value  at  an  input  node  represents  a  logical  0,  and  a  value 
greater  than  zero  at  an  input  node  represents  a  logical  1;  a  logical  0  at 
the  output  node  is  represented  by  a  value  of  0,  and  a  logical  1  at  the 
output  node  is  represented  by  a  value  of  1. 


3.32  E0R  Element 

The  E0R  element  accomplishes  the  Boolean  function  of  Exclusive  OR.  It  has 
one  output  and  as  many  inputs  as  desired.  The  format  is: 

E0Rn  0UT  INI  IN2  . 

where:  E0Rn  =  element  ID 

0UT  =  output  node  name 

INI,  IN2,  etc.  =  input  node  names 

A  maximum  of  60  input  nodes  can  be  accommodated.  Any  of  the  node  names 
(including  the  output  node  name)  may  be  prefixed  with  a  minus  sign  to  indicate 
that  the  definition  of  the  Boolean  values  of  0  and  1  are  to  be  interchanged  at 
that  node.  This  permits  logical  complements  to  be  represented  at  the  input 
nodes  without  the  need  for  a  separate  NOT  function,  and  permits  output  to  be 
logically  inverted  if  desired.  An  example  is 

E0R6T  -0UT  56  -67 

which  represents  the  following  truth  table 

56  67  0UT 

0  0  0 

Oil 
10  1 

110 

Under  normal  conditions  (i.e.,  no  minus  sign  prefixes  on  the  nodes)  a  zero 
or  negative  value  at  an  input  node  represents  a  logical  0,  and  a  value 
greater  than  zero  at  an  input  node  represents  a  logical  1;  a  logical  0 
at  the  output  node  is  represented  by  a  value  of  0,  and  a  logical  1  at 
the  output  node  is  represented  by  a  value  of  1. 
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3.33  RSTFF  Element 


The  RSTFF  element  is  a  logical  model  of  an  RST  flipflop.  The  format  is: 

RSTFFn  RST  RESET  SET  State 

where:  RSTFFn  =  element  ID 

R  =  reset  input  node  name 

S  =  set  input  node  name 

T  =  trigger  input  node  name 

RESET  =  reset  output  node  name 

SET  =  set  output  node  name 

State  =  initial  value  of  flipflop  state 

If  the  value  of  State  is  zero  or  negative,  the  flipflop  is  initially  in 
the  reset  state;  if  the  State  value  is  greater  than  zero,  the  flipflop  is 
initially  in  the  set  state.  The  State  value  is  optional.  If  it  is  not 
specified  a  default  value  of  0  will  be  assigned. 

When  the  flipflop  is  in  the  reset  state,  the  RESET  output  will  have  a 
value  of  1  and  the  SET  output  will  have  a  value  of  0;  when  the  flipflop 
is  in  the  set  state  the  RESET  output  will  have  a  value  of  0  and  the  SET 
output  will  have  a  value  of  1. 

Values  which  appear  on  the  R  and  S  inputs  are  interpreted  as  follows: 
if  the  value  is  zero  or  negative,  the  input  value  is  interpreted  as  a 
logical  0;  if  the  value  is  greater  than  zero,  the  input  value  is  inter¬ 
preted  as  a  logical  1. 

If  a  logical  1  is  applied  to  the  R  input,  the  flipflop  will  assume  the 
reset  state,  provided  that  the  S  input  has  a  logical  0.  Similarly,  if 
a  logical  1  is  applied  to  the  S  input,  the  flipflop  will  assume  the  set 
state,  provided  that  the  R  input  has  a  logical  0.  If  neither  the  R  or  S 
input  has  a  logical  1  and  the  trigger  input  is  quiescent,  the  flipflop 
will  maintain  its  previous  state.  If  a  logical  1  is  applied  to  both  the 
R  and  S  inputs,  both  the  RESET  and  SET  outputs  will  have  a  value  of  1.  If 
both  the  R  and  S  inputs  simultaneously  return  to  a  logical  0  value,  the 
flipflop  will  assume  the  reset  state. 
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If  either  the  R  or  S  inputs  have  a  logical  1  value,  the  trigger  input  will 
have  no  effect.  In  the  absence  of  a  logical  1  on  the  set  and  reset  inputs 
the  trigger  input  will  have  the  following  characteristics:  If  the  trigger 
input  value  becomes  greater  than  0.5  the  flipflop  will  reverse  its  state. 
The  trigger  input  will  have  no  further  effect  on  the  flipflop  until  the 
trigger  value  has  decreased  to  a  value  of  0.1  or  lower,  then  later  becomes 
greater  than  0.5  again,  at  which  time  the  flipflop  will  again  reverse  its 
state.  Thus,  the  trigger  input  can  be  viewed  as  having  a  trigger  threshold 
value  of  0.5  and  a  reset  value  of  0.1,  with  a  requirement  that  the  trigger 
must  be  reset  before  it  can  be  used  for  triggering  purposes  again. 

If  the  flipflop  state  in  the  DC  steady  state  calculation  is  inconsistent 
with  the  user  specified  State  value,  a  diagnostic  message  is  provided. 

The  user  specified  value  of  State  will  be  ignored  in  such  circumstances. 

The  user  may  reference  the  State  value  by  using  RSTFFn  as  the  symbolic 
name. 
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3.31*  0UTFL  Element 


Jk 


The  0UTFL  element  provides  the  user  with  a  means  of  writing  any  NET-2 
quantity  capable  of  being  referenced  onto  an  external  file.  This 
element  has  no  nodes.  The  format  is: 

0UTFLn  File,  SI  S2  . 

where:  0UTFLn  =  element  ID 

File  =  FORTRAN  logical  unit  number  for  the  external  file  as  a 
numerical  integer 

SI,  S2,  etc.  =  symbolic  NET-2  names  of  quantities  whose 
values  are  to  be  written  on  the  external  file. 

The  values  of  the  denoted  quantities  are  written  onto  the  external  file 
along  with  the  value  of  TIME  during  the  time  domain  response  calculation 
at  every  time  step.  The  AC  small  signal  variables  at  a  single  frequency 
may  also  be  included  at  each  time  step. 


The  external  file  may  be  read  during  a  subsequent  NET-2  run  by  the  INPFL 
element . 

The  FORTRAN  logical  unit  number  must  be  chosen  so  as  not  to  conflict  with 
logical  unit  numbers  utilized  for  other  purposes  during  the  NET-2  run. 
Logical  unit  numbers  and  their  assigned  function  in  NET-2  are  given  in 
Appendix  A.  Any  logical  unit  number  in  Appendix  A  which  is  not  required 
by  the  NET-2  run  may  be  used  for  the  0UTFL  element. 

An  example  of  the  use  of  the  0UTFL  element  is 

0UTFL65  10,  R32  GAMD0T  X39  l(L27)  N(  1+5 )  L29.1 

The  0UTFL  entry  must  not  contain  any  mathematical  expressions. 
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3.35  1NPFL  Element 


The  INPFL  element  provides  the  user  with  a  means  of  reading  information 
from  an  external  file  for  the  purpose  of  driving  a  NET-2  calculation.  The 
quantities  which  are  stored  on  the  external  file  appear  as  nodal  quantities 
in  the  network.  The  format  is: 

INPFLn  File,  INI  IN2  IN3  _ 

where:  INPFLn  =  element  ID 

File  =  FORTRAN  logical  unit  number  for  the  external  file  as 
a  numerical  integer 
INI,  IN2,  IN3,  etc.  =  input  node  names 

The  external  file  must  have  been  written  in  a  format  which  is  compatible 
with  that  produced  by  the  0UTFL  element .  The  number  of  input  nodes  must 
agree  with  the  number  of  quantities  specified  in  the  0UTFL  element  descrip¬ 
tion  which  generated  the  external  file.  There  is  a  one-to-one  correspondence 
between  the  symbolic  names  in  the  0UTFL  element  which  generated  the  external 
file  and  the  node  names  in  the  associated  INPFL  element. 

As  the  time  domain  response  is  calculated,  values  of  the  quantities  from 
the  external  file  will  appear  in  time  sequence  at  the  designated  nodes. 
Synchronization  of  the  time  variable  between  the  network  calculation  and 
the  external  file  is  automatically  handled.  The  user  need  not  be  concerned 

with  details  of  time  step  size.  Linear  interpolation  between  values  on  the 

external  file  is  used  when  necessary. 

If  the  external  file  information  is  exhausted  before  termination  of  the 
transient  calculation,  the  last  set  of  values  in  the  external  file  will 
be  utilized  until  transient  termination  occurs.  If  multiple  transient 
solutions  are  specified,  the  external  file  will  automatically  repeat  its 
set  of  values  for  each  transient  solution. 

The  FORTRAN  logical  unit  number  must  be  chosen  so  as  not  to  conflict  with 
logical  unit  numbers  utilized  for  other  purposes  during  the  NET-2  run. 

Logical  unit  numbers  and  their  assigned  function  in  NET-2  are  given  in 

Appendix  A.  Any  logical  unit  number  in  Appendix  A  which  is  not  required 
by  the  NET-2  run  may  be  used  for  the  INPFL  element. 

An  example  of  the  use  of  the  INPFL  element  which  is  compatible  with  the 
example  for  the  0UTFL  element  is 

INPFLU5  11,  ASD  Gl+5  76  1  3UF  5 

We  see  that  R32  will  appear  at  node  ASD,  GAMD0T  will  appear  at  node  Gl*5, 

X39  will  appear  at  node  76,  l(L27)  will  appear  at  node  1,  N(^5)  will 
appear  at  node  3^F,  and  L29.1  will  appear  at  node  5* 
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3.36  SNCLK  Element 


The  SNCLK  element  is  a  synchronous  clock  capable  of  multiphase  operation. 
The  element  has  only  an  output  node.  The  format  is: 

SNCLKn  0UT  T,  N 

where:  SNCLKn  =  element  ID 

0UT  =  output  node  name 
T  =  value  of  major  time  period 
N  =  number  of  phases 

The  specification  of  N  is  optional.  If  N  is  omitted  a  default  value  of 
2  will  be  used.  The  value  of  N  must  be  a  positive  integer  not  less  than  2. 

During  the  DC  steady  state  calculation  the  output  value  will  be  N.  At 
the  start  of  the  transient  solution,  the  output  value  will  be  reset  to  1, 
and  will  count  through  the  integers  up  through  N,  with  each  successive 
value  appearing  for  a  time  interval  T/N.  At  every  integral  multiple  of  T 
the  output  value  restarts  at  1  and  the  counting  sequence  is  repeated. 

The  user  may  reference  the  value  of  T  and  N  by  using  SNCLKn  and  SNCLKn. 1 
as  symbolic  names,  respectively. 

NET-2  chooses  its  time  steps  so  that  they  are  always  coincident  with  the 
initiation  of  successive  phases  of  the  clock  output. 


3 . 37  DDACC  Element 


The  DDACC  element  is  a  digital  element  which  performs  the  function  of  an 
accumulator  in  a  digital  differential  analyzer.  It  has  two  input  nodes 
and  three  output  nodes.  It  may  be  used  in  both  synchronous  and  asynchronous 
logic  applications.  The  format  is: 

DDACCn  CLK  DZ  Z  CRY  RDY  Modulus,  At,  Decode,  Encode,  Zo 

where:  DDACCn  =  element  ID 

CLK  =  input  node  name  for  the  clock  input 

DZ  =  input  node  name  for  the  increment  quantity  Az 

Z  =  output  node  name  for  the  modulo  sum  z 

CRY  =  output  node  name  for  the  carry  c 

RDY  =  output  node  name  for  the  ready  signal 

Modulus  =  value  of  the  accumulator  modulus 

At  =  element  time  delay  value 

Decode  =  Value  of  signal  required  to  activate  clock  input 
Encode  =  Value  of  ready  output  when  element  is  in  ready  state 
Zo  =  initial  value  of  modulo  sum  z  at  time  zero 
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The  Decode,  Encode,  and  Zo  specifications  are  optional.  If  they  are  omitted 
NET -2  will  use  default  values  of  1,  1,  and  0,  respectively. 

The  DDACC  element  produces  a  modulo  sum  z  and  a  carry  c  at  time  t  provided 
it  has  been  clocked  and  was  in  the  ready  state  at  time  t  -  At .  At  time 
t  -  At  the  applied  increment  was  Az.  The  operation  can  be  expressed 
mathematically  as 

z(t)  +  mc(t)  =  z(t-At)  +  Az(t-At) 
where  m  is  the  modulus  of  the  accumulator. 

The  accumulator  has  a  clock  input  and  a  decode  value  assigned  to  that  input. 

A  transition  on  the  clock  input  to  the  decode  value  from  any  other  value 
constitutes  a  clock  pulse.  If  a  clock  pulse  occurs  when  the  ready  output 
is  in  the  ready  state,  the  element  is  clocked.  The  element  is  also  clocked 
if  the  clock  input  already  is  at  the  decode  value  and  the  ready  output  makes 
a  transition  from  the  not  ready  state  to  the  ready  state. 

When  the  element  is  in  the  ready  state,  the  ready  outpr.t  will  be  sot  to  the 
encode  value.  The  element  is  always  in  the  ready  condition  during  the  DC 
steady  state  calculation.  When  input  clocking  occurs ,  the  ready  output  goes 
to  a  zero  value,  indicating  a  not  ready  state,  and  the  quantity  Az  at  the  DZ 
input  node  is  captured  by  the  element.  After  a  time  delay  At  has  elapsed,  the 
ready  output  again  assumes  the  encode  value  to  indicate  that  the  element  is 
ready,  and  the  outputs  for  the  modulo  sum  z  and  the  carry  c  appear  with 
their  new  values  reflecting  the  modulo  addition  process.  These  outputs  are 
maintained  until  a  new  sum  and  carry  are  generated  by  a  subsequent  clocking 
and  time  delay  for  the  element. 

NET-2  chooses  its  time  steps  so  that  they  are  always  coincident  with  the 
appearance  of  the  ready  condition.  This  permits  the  element  to  be  used  in 
asynchronous  logic  applications. 

The  user  may  reference  the  values  of  the  modulus  m,  the  time  delay  At,  the 
decode  value,  the  encode  value,  and  the  initial  value  Zo  by  using  the  symbolic 
names  DDACCn,  DDACCn.l,  DDACCn.2,  DDACCn.3  and  DDACCn.U,  respectively. 
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3.36  RM5'  Element 


The  RMS  element  calculates  the  root  mean  square  value  of  a  time  series 
of  values  of  a  quantity  appearing  at  the  input  node.  The  format  is: 

RMSn  IN  0UT  Fo,  To 


where :  RMSn  =  element  ID 

IN  =  input  node  name 

0UT  =  output  node  name 

Fo  =  estimated  initial  RMS  value 

To  =  time  interval  associated  with  Fo 

The  quantities  Fo  and  To  are  optional.  If  they  are  not  specified  a  value 
of  zero  will  be  used. 


The  quantity  e  (t)  at  the  output  node  is  the  root  mean  square  value  and  i 
calculated  as 


e  (t) 
o 


/ 


e .  ( t dt  +  F  ^T 
1  o  o 


t  +  T 


where  e^(t)  is  the  quantity  appearing  at  the  input  node.  The  RMS  value 
at  early  times  may  be  influenced  appreciably  by  the  estimated  value  F  . 
The  estimated  value  and  its  associated  time  interval  T  are  included  80 
assist  the  user  in  converging  to  the  long  term  RMS  value  over  a  short 
time  interval  for  periodic  or  quasi-constant  input  values.  The  trape¬ 
zoidal  rule  is  used  for  the  time  integration  process. 


The  user  may  reference  the  quantities  Fo  and  To  by  using  the  symbolic 
names  RMSn  and  RMSn.l,  respectively. 


k .  DEFINED  SUBNETWORKS 


This  chapter  and  Chapter  5  present  some  conveniences  available  to  the 
user  in  describing  certain  network  configurations  to  NET-2.  The  casual 
user  of  NET -2  may  wish  to  omit  these  chapters.  However,  the  serious  user 
will  wish  to  take  advantage  of  the  flexibility  contained  in  the  following 
pages.  The  price  of  this  flexibility  is  a  complication  in  the  language. 

In  developing  the  material  on  the  following  pages,  we  shall  refer  to  the 
main  network  description.  By  this  we  mean  the  network  description  which 
is  described  starting  at  indentation  level  0.  The  subnetworks  which  will 
be  defined  may  become  part  of  the  main  network  or  part  of  some  other  sub¬ 
network  which  is  also  defined. 

The  .naming  of  nodes  and  network  parameters  in  defined  subnetworks  can 
become  quite  involved.  However,  there  is  a  general  rule  which  should 
be  kept  in  mind:  When  defining  any  subnetwork,  remember  that  the  sub¬ 
network  and  any  subnetworks  nested  within  it  must  form  a  completely 
specified  system  and  include  all  necessary  definitions  of  quantities 
with  the  exception  of  tables  and  functions.  All  names  are  written  as 
though  the  subnetwork  were  actually  the  main  network. 


DEFINE  Enti 


The  DEFINE  Entry  is  used  to  define  a  subnetwork  in  terms  of  other  network 
elements  known  to  NET -2.  The  first  line  of  the  entry  appears  at  indenta¬ 
tion  level  0  and  specifies  the  word  DEFINE,  the  prefix  used  to  designate 
the  subnetwork,  and  dummy  node  names  which  represent  terminal  nodes  in  the 
subnetwork.  The  prefix  may  contain  only  alphabetic  characters.  Only  pre¬ 
fixes  which  do  not  already  have  meaning  to  NET -2  may  be  used  (see  Appendix 
B  for  a  list  of  names  and  prefixes  which  already  have  specified  meaning  to 
NET-2).  Subsequent  lines  are  indented  and  describe  the  subnetwork.  Sub¬ 
network  element  descriptions  are  listed  on  indentation  level  1  according 
to  standard  NET-2  formats. 
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An  example  of  a  DEFINE  Entry  is: 

DEFINE  TR  IN  0UT  V2  0 
R1  IN  1  10 

Cl  IN  1  25 

R2  (2)  V2  1  15Q 

T1  0  1  0UT  2N6U5  '  -  — 

In  this  example  a  network  element  with  prefix  TR  is  defined.  Network 
element  TR  has  four  dummy  terminal  nodes:  IN,  0UT,  V2,  and  0.  These 
node  names  are  chosen  from  the  names  used  in  the  subnetwork  definition 
in  the  DEFINE  Entry,  and  the  names  are  treated  as  distinct  from  the 
nodes  in  the  main  network  to  which  the  subnetwork  is  connected.  Thus, 
the  same  names  may  be  used  for  nodes  and  network  element  ID's  in  both 
the  main  network  and  the  defined  subnetwork  without  confusion.  Note 
that  all  nodes  which  connect  to  the  main  network  (including  ground) 
must  be  included  as  terminal  nodes.  System  element  inputs  and  outputs 
are  automatically  referred  to  node  0  in  the  main  network. 

This  defined  subnetwork  may  now  be  used  freely  as  part  of  the  main 
network  or  as  part  of  another  defined  subnetwork.  An  example  of  main 
network  use  is: 

TR35  IN  k  T  0 
TR5  (3)  3  16  8  5 

Note  that  a  numerical  suffix  is  appended  to  the  subnetwork  prefix,  so 
that  now  the  subnetwork  ID  has  the  appearance  of  an  ordinary  network 
element  ID.  The  connection  points  are  listed  in  the  same  order  as  in  the 
corresponding  DEFINE  Entry,  except  that  now  the  node  names  of  the  network 
of  which  the  subnetwork  is  a  part  are  used.  These  node  names  may  be  the 
same  as  or  different  from  the  dummy  terminal  node  names  in  the  DEFINE  Entry. 

Note  that  the  parallel  segment  designation  may  be  used  in  both  the  network 
element  usage  in  the  DEFINE  Entry  and  the  defined  subnetwork  usage. 

When  a  subnetwork  is  included  as  part  of  a  larger  network  or  subnetwork, 
that  included  subnetwork  is  said  to  be  nested  inside  the  larger  network. 
Subnetworks  may  be  nested  up  to  a  maximum  level  of  sixteen.  An  example 
of  nesting  to  a  level  of  four  occurs  when  A,  B,  C,  and  D  are  subnetworks, 
and  the  main  network  contains  A  (level  l),  A  contains  B  (level  2),  B 
contains  C  (level  3),  and  C  contains  D  (level  U). 

Subnetwork  definitions  may  not  be  cyclic,  as,  for  example,  when  A  contains 
B  and  B  contains  A. 


Figure  U-l  shows  the  nesting  concept  in  pictorial  form.  In  this  illustration, 
we  see  subnetworks  TQ,  SB,  HB,  and  PY  have  been  defined.  Their  interconnec¬ 
tions  can  be  represented  by  the  following  excerpt  from  a  complete  network 
description: 


TQ1  1  3 

PY3  3  5  5  6 

HB5  2  9 
SB3  7  9  9 


DEFINE  TQ  1  2 

SB2  1  2  7 


DEFINE 

PY 

1 

HB5  2 

3 

DEFINE 

HB 

1 

DEFINE 

SB 

1 

HB6 

6 

3 

The  dots  indicate  additional  network  description  which  is  irrelevant  for 
purposes  of  this  illustration.  From  this  illustration,  it  is  easy  to 
see  the  nesting  concept.  We  can  also  see  that  a  defined  subnetwork  may 
be  used  anywhere,  but  when  used  it  automatically  carries  all  other  sub¬ 
networks  nested  inside  of  it  along  with  it. 

We  can  always  refer  to  a  subnetwork  nested  inside  a  given  subnetwork  (or 
the  main  network)  by  composing  a  compound  name  constructed  of  the  names 
of  the  subnetworks  in  the  order  of  nesting,  starting  at  the  given  sub¬ 
network  level  and  proceeding  to  the  desired  subnetwork  nested  inside. 

For  example,  the  name  TQ1.SB2  is  a  main  network  reference  which  refers 
to  subnetwork  3B2  which  is  contained  within  subnetwork  TQ1.  The  name 
TQ1.SB2  automatically  includes  subnetwork  TQ1.SB2.HB6  since  it  is  nested 
inside  of  TQ1.SB2. 


k.2  Referencing  Nodes  In  The  Nest 

In  a  given  subnetwork  definition,  it  is  always  possible  to  refer  to  nodes 
which  belong  to  that  subnetwork  (including  the  dummy  terminal  nodes  using 
their  dummy  names)  or  to  any  node  in  a  subnetwork  nested  inside  the  sub¬ 
network  being  defined.  All  other  nodes  are  inaccessible  for  reference 
purposes . 

Such  a  reference  is  made  for  purposes  of  writing  a  mathematical  expression 
or  for  interconnecting  network  elements. 
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The  node  name  of  interest  is  constructed  by  starting  at  the  defined 
subnetwork  level  and  building  up  a  compound  name  which  traces  the  nesting 
process.  For  example,  suppc  o  we  are  defining  subnetwork  SB  and  we  wish 
to  connect  a  resistor  R23  between  node  6  of  SB  and  node  4  of  1IB6  which 
is  nested  within  SB  (see  Fig.  4-1 ) .  Then  the  DEFINE  Entry  for  SB  would 
include  the  following  items: 

DEFINE  SB  1  2  3 

Ki)6  6  3 

R23  6  HB6.U  39 

Since  the  main  network  can  be  thought  of  as  the  outermost  network  in  the 
nest,  it  is  seen  that  in  the  main  network  description  we  can  refer  to  any 
node.  For  example,  if  we  wished  to  insert  the  same  resistor  R23  between 
the  indicated  nodes,  as  seen  from  the  main  network,  we  would  be  forced  to 
use  two  different  resistors  since  in  Fig.  4-1  the  network  element  SB  is 
used  twice  in  the  main  network.  Calling  these  two  resistors  R23  and  R123, 
we  would  then  have  this  equivalent  designation  in  the  main  network  descrip 
tion: 

R23  TQ1.SB2.6  TQ1 . SB2 . HB6 . 4  39 

R123  SB 3. 6  SB3.HB6.4  39 

In  other  words,  the  actual  name  used  to  designate  the  node  depends  upon 
where  in  the  network  description  the  reference  to  that  node  is  being  made. 

One  always  has  more  than  one  node  name  available  for  a  subnetwork  terminal 
node  when  that  node  is  referenced  from  outside  of  the  subnetwork  itself. 
The  user  must  always  refer  to  the  outermost  form  of  the  name  under  such 
conditions,  i.e.,  he  must  never  use  the  dummy  terminal  node  name  for  the 
subnetwork  unless  there  is  no  other  alternative  (there  is  always  an  alter¬ 
native  except  when  the  dummy  terminal  node  name  referenced  is  on  the  same 
nest  level  as  that  from  which  the  reference  is  being  made). 

An  example  using  Fig.  4-1  illustrates  this  point.  Let  us  assume  that  we 
wish  to  define  a  resistor  R5  in  subnetwork  TQ.  This  resistor  will  be 
connected  between  node  1  of  TQ  and  node  6  of  SB2.  We  see  that  we  have  a 
choice  of  node  names  available  for  connecting  R5,  i.e.,  node  names  1  and 
SB2.2  for  one  node,  and  node  names  SB2.6  and  SB2.HB6.1  for  the  other  node. 
We  must  always  use  the  node  name  which  is  nearest  to  the  referencing  nest 
level.  Thus,  the  legal  node  names  for  R5  are  1  and  SB2.6  and  the  use  of 
either  of  the  other  two  node  names  is  not  permissible. 

Note  that  nodes  inside  of  modeled  devices  can  be  referred  to.  For  example 
if  we  wish  internal  node  4  of  transistor  T4  which  is  included  in  the  sub¬ 
network  TQ1.SB2.HB6,  we  write  TQ1 . SB2 . HB6.T4 . 4 .  In  other  words,  modeled 
devices  are  treated  like  subnetworks  for  reference  purposes. 
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1.3  Referencing  Network  Parameters 

In  a  given  subnetwork  definition,  it  is  always  possible  to  refer  to  network 
parameters  which  have  been  introduced  or  defined  in  that  subnetwork  or  any 
subnetwork  nested  inside  the  subnetwork  being  defined.  All  other  network 
parameters  are  inaccessible  for  reference  purposes.  Such  a  reference  is 
always  made  for  purposes  of  writing  a  mathematical  expression. 

Since  the  main  network  can  be  thought  of  as  the  outermost  network  in 
the  nest,  it  is  seen  that  in  the  main  network  description  we  can  reference 
any  network  parameter. 

The  technique  of  specifying  the  correct  name  for  the  reference  is  identical 
to  that  used  for  specifying  node  names  in  nested  networks.  The  name  is 
constructed  by  starting  at  the  defined  subnetwork  level  and  building  up 
a  compound  name  which  traces  the  nesting  process.  This  compound  name  is 
terminated  with  the  actual  name  of  the  quantity  of  interest. 

Let  us  again  use  Fig.  1-1  as  an  illustration.  We  will  introduce  a  time 
varying  resistor  R6  in  the  subnetwork  definition  for  SB.  In  so  doing,  we 
must  be  sure  that  all  quantities  used  in  the  mathematical  expression  for 
R6  are  defined  either  in  SB  or  in  a  subnetwork  nested  inside  SB  (with 
the  exception  of  function  and  table  references  which  are  defined  as 
part  of  the  main  network  description;  see  1.1).  We  may  now  refer  to 
this  particular  R6  either  in  the  definition  of  SB  or  in  any  subnetwork 
(including  the  mai..  network)  which  contains  SB.  However,  we  cannot  refer 
to  it  in  the  HB  definition  since  HB  is  nested  inside  of  SB.  Thus,  in  the 
main  network,  we  refer  to  TQ1.SB2.R6  or  to  SB3.R6,  while  in  the  definition 
of  TQ  we  refer  to  SB2.R6. 


llO 


U.U  Function  and  Table  Definitions  and  References 

There  are  special  rules  which  apply  to  function  and  table  references 
which  may  appear  in  mathematical  expressions  in  a  subnetwork  definition. 

The  definition  of  the  function  or  table  must  be  given  as  a  part  of  the 
main  network  description. 

An  example  is: 

DEFINE  LCA  ABC 
LC1  A  1  C 
LC2  A  B  C 
R3  1  C  TABLE9(TIME) 

TABLE9 

0  0 
1  3 

5  10 

DEFINE  LC  A  B  C 
LI  A  1  F9(C2) 

C2  B  C  TABLET (TIME) 

P21  1.66 

F9(A)  =  EXP ( A )  +  10 
LCA1  157 
LCA2  1  3  b 

LC1  1)  6  3 
TABLET 

3  2 

5  1 

7  0 

Note  that  the  definitions  for  TABLE7  and  F9  are  given  as  part  of 
the  main  network  description. 

Note  that  there  is  no  modification  of  the  names  of  functions  or  tables, 
such  as  occurred  for  nodes  and  network  parameters .  However ,  the  arguments 
may  have  modified  names  since  they  may  involve  nodes  and  network  parameters. 
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STORED  MODELS 


The  language  and  rules  for  defining  and  using  stored  models  are  similar 
to  those  for  defined  subnetworks.  Therefore,  it  is  imperative  that  the 
details  in  Chapter  1*  be  well  in  hand.  Since  a  knowledge  of  Chapter  1+  is 
assumed,  it  will  be  sufficient  only  to  refer  to  the  principles  detailed 
there  in  the  present  discussion. 

The  models  are  stored  in  a  library  on  a  permanent  storage  medium.  The 
capacity  of  the  library  is  500  stored  models. 


5.1  Definition  of  Models 

A  stored  model  may  be  defined  and  permanently  entered  as  part  of  a  NET-2 
computer  run.  The  model  may  then  be  retrie/ed  at  any  later  time  by 
merely  referring  to  it.  Since  the  model  may  be  used  in  any  context,  it 
is  important  that  its  definition  be  completely  self-contained. 

A  stored  model  is  defined  by  a  M0DEL  Entry.  The  first  line  of  the  entry 
appears  at  indentation  level  0  and  specifies  the  word  M0DEL,  the  model 
prefix,  and  the  dummy  terminal  node  narr-s.  The  prefix  may  contain  only 
alphabetic  characters  and  is  limited  to  maximum  of  7  characters.  Sub¬ 
sequent  lines  contain  the  complete  network  description,  written  in  exactly 
the  same  manner  as  described  in  other  chapters ,  only  beginning  at  indenta¬ 
tion  level  1  instead  of  indentation  level  0.  Thus,  all  indentation  levels 
are  increased  by  one  over  a  normal  network  description.  The  DEFINE  Entry 
may  be  used  at  will  as  part  of  the  stored  model  description,  and  reference 
may  be  made  to  any  other  stored  model  in  the  library. 


An  example  of  a  stored  model  is: 


M0DEL  TR  J  K  L  0UT  0 

LCB1  J  5  0 

LCB2  530 
Cl  3  1  50 

R1  3  1  10 

R2  K  1  100 

T1  0  1  2  2N639 

R3  2  L  2.2 
TGI  2  0  0UT  0 

F9(A)  =  A**2*EXP(-ABS(A/50) )+35 
DEFINE  LCB  1  3  0 

LCA1  120 
LCA2  230 
DEFINE  LCA  A  C  0 

Cl  B  0  TABLE3 ( SORT ( TIME ) ) 

C2  C  0  5.67 

TABLE 3 

0  20 

5  25 

10  35 

15  36 

LI  A  B  F9(LCB1.LCA2.C1) 

L2  B  C  1*5.8 

In  this  example  note  that  TGI  is  specified  but  not  defined.  Since  the  pre¬ 
fix  TG  has  not  been  defined,  NET-2  assumes  it  is  another  stored  model  in 
the  model  library.  If  TG  cannot  be  located  in  the  model  library,  NET-2 
will  indicate  an  error  to  the  user. 

If,  in  the  example,  the  main  network  description  also  included  a  defini¬ 
tion  of  a  subcircuit  LCA  or  LCB,  no  harm  would  be  done.  The  names  used 
inside  the  model  definition  are  completely  private  and  will  not  conflict 
with  any  definitions  introduced  outside  of  the  model  definition. 

On  the  other  hand,  the  user  has  complete  freedom  to  refer  to  the  model 
from  the  main  network.  The  model  is  completely  equivalent  to  a  defined 
subnetwork  for  this  purpose,  and  can  be  included  as  part  of  the  main 
network  or  as  part  of  a  defined  subnetwork  nested  in  the  main  network  or 
another  defined  subnetwork.  The  normal  rules  for  nesting  apply  and  any 
node  or  network  parameter  may  be  referred  to  using  the  normal  nesting 
rules .  Thus ,  if  the  main  network  contained  network  element  TR35 »  then 
the  main  network  could  refer  to  a  specific  node  or  network  parameter  in 
the  model,  e.g.,  TR35.T1.BN  or  TR35.LCB2.LCA1. Cl. 

If  the  library  already  contains  a  model  with  the  same  name  as  that  speci¬ 
fied  in  the  M0DEL  Entry,  a  warning  message  will  be  printed  and  the  original 
library  model  will  be  printed  for  reference.  The  new  model  will  then  be 
stored  into  the  library  and  used. 


5.1.1  Restrictions  on  Function  Definitions 


The  mathematical  expression  which  is  used  in  the  definition  of  a  function 
in  a  M0DEL  Entry  must  not  depend  in  any  way  upon  particular  nodes ,  re¬ 
sponse  variables,  or  network  parameters,  i.e.,  the  mathematical  expression 
must  not  be  written  explicitly  in  terms  of  any  of  these  quantities.  This 
does  not  restrict  the  generality  of  function  definitions  in  any  way  since 
these  forbidden  quantities  may  be  inserted  through  the  dummy  arguments. 

Thus,  the  quantities  which  may  explicitly  appear  in  the  mathematical 
expression  for  a  function  definition  within  a  M0DEL  Entry  are  numerical 
constants,  table  references,  global  variables,  dummy  arguments,  and 
other  function  references. 

These  restrictions  apply  only  to  function  definitions  within  a  M0DEL  Entry. 
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5.2  Using  Stored  Models 


A  model  being  stored  or  already  stored  in  the  library  is  available  for  use 
in  a  network  description  as  though  it  were  a  defined  subnetwork.  All  of 
the  rules  regarding  defined  subnetwork  usage  apply  in  this  case. 

For  example,  to  use  model  TR  in  a  network  involves  assigning  a  numerical 
suffix  to  produce  a  legitimate  network  element  ID  and  connecting  the 
terminal  nodes  to  the  desired  nodes  in  the  network: 

TR35  (2)  66  76  78  9  0 

Note  that  the  parallel  segment  designation  can  be  used  if  desired. 

If  the  prefix  chosen  for  a  defined  subnetwork  appearing  in  the  network 
description  is  identical  with  the  prefix  of  a  stored  model  in  the  library, 
the  defined  subnetwork  will  be  used. 


6. 


STATE  SOLUTION 


There  are  three  types  of  calculations  available  in  NET--2:  State  solutions, 
Monte  Carlo  solutions,  and  Optimization  solutions.  This  chapter  describes 
the  State  solution. 

The  State  solution  consists  of  one  or  more  network  response  calculations 
corresponding  to  a  prescribed  set  of  numerical  values  of  network  parameters. 
The  nominal  network  parameter  values  are  used  in  the  calculation  except 
where  specifically  superseded  in  a  given  State  solution. 

The  STATE  Entry  is  used  to  convey  information  to  the  program  for  State 
solutions.  Within  the  STATE  Entry,  there  are  several  types  of  information 
statements  possible. 

Only  quantities  which  have  been  defined  as  numerical  constants  may  be 
changed  in  the  State  solution.  Thus,  it  is  not  possible  to  alter  the 
forms  of  tables,  functions,  or  mathematical  expressions.  However,  this 
restriction  does  not  limit  the  scope  of  the  State  solution  in  any  way. 
Sufficient  flexibility  is  available  in  the  NET-2  language  to  permit  any 
situation  to  be  handled. 


6.1  STATE  Entry 

Each  State  solution  is  specified  by  a  STATE  Entry  which  consists  of  two  or 
more  lines.  The  STATE  Entry  must  include  an  output  specification.  The 
first  line  of  any  STATE  Entry  begins  at  indentation  level  0  and  has  the 
format : 

STATEn 

This  line  is  followed  by  one  or  more  lines  at  indentation  level  1  which 
specify  output,  changes  in  value  of  numerical  constants,  and  other  infor¬ 
mation  as  discussed  below. 

In  referring  to  various  network  quantities  in  a  STATE  Entry,  the  same 
names  are  used  as  would  be  used  when  referring  to  these  quantities  in 
the  main  network  description. 

6.1.1  Network  Parameter  Value  Changes 

Network  parameter  values  may  be  changed  by  either  holding  them  at  a  new 
constant  value  throughout  the  State  solution  or  varying  them  over  a 
specified  range  in  discrete  steps  during  the  solution. 


6. 1.1.1  Constant  Values 


Each  network  parameter  to  be  changed  to  a  different  constant  value  is 
specified  by  listing  its  ID  and  the  new  value.  The  new  value  may  be 
either  an  actual  value  or  a  relative  value  (suffixed  by  an  asterisk). 
In  the  case  of  relative  values ,  the  actual  value  is  the  product  of  the 
nominal  value  and  the  relative  value.  Examples  are: 

STATE 3 

R12  350 

C23  .85* 

D2.TH  1.89 
GT6.FY7.T35. BN  .55* 

FREQ  367 


6, 1.1. 2  Varying  Values 

There  are  two  kinds  of  varying  values  available.  One  of  them  is  called 
the  swept  variable.  Only  one  quantity  may  serve  as  a  swept  variable. 

The  other  type  is  the  parametric  variable.  There  may  be  as  many  para¬ 
metric  variables  as  desired.  The  parametric  variables  are  held  at  a 
particular  value  while  the  swept  variable  is  swept  through  its  range. 

Then  the  parametric  variables  are  stepped  to  their  next  value  and  the 
swept  variable  is  again  swept  through  its  range.  In  this  way,  a  family 
of  curves  may  be  generated  through  the  use  of  these  two  types  of  variables. 

An  example  of  a  swept  variable  and  two  parametric  variables  is  given  by: 

STATE7 

FREQ  .005  (25*)  1.5* 

*R12  1  (3)  4  10  (2*)  20  35 

*R34  10  (2)  15  20  50  100  (2)  200 

Parametric  variables  are  distinguished  from  swept  variables  by  prefixing 
them  with  an  asterisk.  Thus,  in  the  above  example,  the  swept  variable 
is  FREQ  and  the  parametric  variables  are  R12  and  R34. 

Note  that  some  numbers  are  enclosed  by  parentheses  while  others  are  not. 
The  numbers  which  are  not  enclosed  by  parentheses  represent  specific 
values  to  be  assumed  by  the  variable.  If  these  numbers  are  suffixed 
with  an  asterisk,  the  relative  value  is  indicated;  the  actual  value  is 
then  the  product  of  the  nominal  value  and  the  relative  value. 
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The  number  in  parentheses  indicates  a  step  number,  which  is  the  number 
of  steps  involved  when  incrementing  from  the  preceding  value  to  the 
succeeding  value.  Normally,  linear  steps  are  used;  however,  if  the 
number  in  parentheses  has  an  asterisk  suffix,  logarithmic  steps  are 
used.  The  written  number  sequence  may  not  begin  or  end  with  step  num¬ 
bers,  and  two  step  numbers  may  not  occur  in  succession  in  the  sequence. 

When  more  than  one  parametric  variable  is  used,  the  total  number  of 
values  which  will  be  assumed  for  each  must  be  the  same. 

Thus,  in  the  example  shown  above,  R12  assumes  the  values  of  1,  2,  3, 

U ,  10,  lU.lU,  20,  and  35;  while  R3^  assumes  the  values  of  10,  12.5, 

15,  20,  50,  100,  150,  and  200. 

If  TIME  is  specified  as  either  a  swept  or  parametric  variable,  the  user 
must  insure  that  the  sequence  of  time  values  which  he  specifies  is 
monotonically  increasing. 


6. 1.1. 3  Topology  Changes 

Since  switches  may  have  numerical  values,  it  is  possible  to  change 
network  topology  in  a  deliberate  manner  in  a  State  solution. 


6.1.2  Specification  of  DC  Steady  State  and  Transient  Calculation 

In  general  NET-2  will  perform  both  the  DC  steady  state  calculation  and 
the  transient  calculation  whenever  a  TERMINATE  Entry  is  included  in  the 
input  and  the  termination  condition  is  not  satisfied  by  the  DC  steady  state 
response.  The  exception  to  this  rule  occurs  only  when  contrary  instructions 
are  given  in  a  particular  State  solution.  An  example  which  produces  only 
the  DC  steady  state  calculation  is: 

TERMINATE  =  N(35)-57 
STATE6 

TIME  0 
PRINT  N(U6) 

Similarly,  if  the  TERMINATE  Entry  is  missing,  the  transient  calculation  will 
never  be  performed  unless  specifically  requested  by  a  nonzero  value  of  TIME 
in  a  particular  State  solution: 

STATE7 

TIME  0  35  80 
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6.1. j  Device  Modes 


Modes  of  devices  may  be  specified  during  the  initial  DC  steady  state  calcu¬ 
lation  by  using  the  word  M0DE  as  a  device  parameter  name  for  a  specific 
device  followed  by  a  desired  mode,  starting  at  indentation  level  1  in  a 
STATE  Entry.  For  example: 

STATE 3 

T1.M0DE  0FF 
6.1.1+  Output  Statements 

The  output  statements  specify  which  response  variables  are  to  be  calculated, 
and  how  the  results  are  to  be  presented.  Since  it  is  possible  to  vary  net¬ 
work  parameters  over  a  range  of  values,  the  output  statements  can  include 
plotting  specifications. 

Quantities  which  may  appear  as  output  include  all  network  parameters ,  X 
variables,  symbolic  constants,  and  response  variables.  The  output  statement 
must  not  include  mathematical  expressions,  numerical  constants,  function 
references,  or  table  references. 


6.1.1+.1  Print  Statement 


This  statement  begins  on  indentation  level  1  and  specifies  the  quantities 
which  are  to  be  printed.  An  example  is: 

STATE 3 

PRINT  R1  HT5.T35.BN  N(l)  A’(l-0/2-0)  N(2)  FREQ 

This  statement  causes  the  printing  of  the  quantities  which  are  named  in 
the  statement.  Phase  angle  of  AC  small  signal  variables  is  printed  in 
degrees.  It  is  not  necessary  to  include  parametric  variables  in  the  print 
statement  since  they  are  automatically  printed  as  headings.  The  swept 
variable  is  also  automatically  printed. 

A  maximum  of  10  quantities  may  be  specified  in  each  print  statement,  including 
the  swept  variable. 
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6. 1.4.2  Plot  Statement 


This  statement  begins  on  indentation  level  1  and  specifies  the  quantities 
to  be  plotted  as  well  as  the  coordinate  system  to  be  used  in  plotting. 

The  independent  variable  is  specified  last,  following  the  word  VS.  If  no 
coordinate  system  is  specified,  a  linear  system  is  used.  Each  plot  state¬ 
ment  produces  a  separate  graph.  Examples  of  plot  statements  are: 

STATE 3 

PL0T  N(L)  VS  R3 

PL0T  LINL0G  A(l-0/2-0)  Z(l-0/l-0)  VS  FREQ 

As  many  dependent  variables  as  desired  may  be  listed  before  the  word  VS. 
Obviously,  only  one  independent  variable  may  be  named.  The  phase  angle  of 
AC  small  signal  variables  is  plotted  in  degrees. 

Coordinate  systems  are  specified  after  the  word  PL0T.  Choices  are: 

No  specification  Linear  in  both  dependent  and  independent  variables. 

LINL0G  Linear  dependent  and  logarithmic  independent  variables. 

L0GLIN  Logarithmic  dependent  and  linear  independent  variables. 

L0GL0G  Logarithmic  in  both  dependent  and  independent  variables. 

P0LAR  Dependent  variable  is  plotted  on  polar  coordinates  (linear 

magnitude  and  phase)  as  a  sequence  of  points  corresponding 
to  the  swept  variable  values. 

For  P0LAR  plots  an  independent  variable  is  never  specified  because  both 
coordinates  refer  to  the  dependent  variable.  The  format  is  shown  by  this 
example : 

PL0T  P0LAR  A( 3-0/2-L )  Z(2-0/3-5) 

Obviously,  the  usage  of  P0LAR  coordinates  is  restricted  to  the  AC  small 
signal  variables.  The  magnitude  of  the  AC  small  signal  variable  is  always 
specified  when  using  P0LAR  coordinates. 
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In  order  to  produce  a  meaningful  graph  there  must  be  either  a  transient 
calculation  requested  or  a  swept  variable  specified. 


If  no  independent  variable  is  specified  for  a  given  graph,  the  swept 
variable  will  be  used  automatically.  Thus, 

STATE 3 

R3  1  (10)  20 

PL0T  I ( L3 ) 

will  produce  a  plot  of  l(L3)  versus  R3. 

Each  curve  in  a  given  PL0T  statement  will  use  a  different  plotting  symbol. 
The  symbols  used,  in  order,  are  X123U56789ABCDEFGHIJKLMN0PQRSTUVW.  The 
first  curve  is  the  first  dependent  variable  specified  in  the  PL0T  statement 
using  the  first  set  of  parametric  variable  values;  this  is  followed  by  the 
next  dependent  variable  specified,  etc.,  until  all  dependent  variables  have 
been  plotted  for  the  first  set  of  parametric  variable  values.  The  sequence 
is  then  repeated  using  the  next  set  of  parametric  values  until  all  sets  of 
parametric  variable  values  have  been  exhausted. 


6.1.5  Special  Requirements  for  Output  in  Transient  Calculations 

When  a  transient  calculation  is  indicated,  it  is  possible  to  generate  a 
multidimensional  set  of  data  points.  Since  display  of  multidimensional 
graphs  is  not  feasible,  special  provisions  must  be  made  to  reduce  the  display 
to  two-dimensional  form. 

An  example  of  multidimensional  output  is  given  by  the  following  example, 
which  involves  AC  small  signal  evaluation  throughout  the  transient  response: 

*R5  1  (10)  5 

FREQ  1  (25*)  50 

PL0T  A(l-0/3-0)  VS  FREQ 

We  have  here  the  normal  two-dimensional  solution  variation,  given  by  changes 
in  FREQ  and  R5.  However,  since  the  transient  solution  is  being  calculated, 
we  have  a  large  number  of  solution  points  generated  for  each  of  the  specified 
calculations,  each  at  a  different  value  of  time.  If  each  transient  solution 
consists  of  1000  points  in  time,  the  overall  output  for  each  dependent  variable 
consists  of  a  set  of  10x25x1000  or  250,000  data  points!  Even  if  the  display 
could  be  implemented,  it  would  contain  far  too  many  points  to  be  readable. 
Similar  difficulties  arise  when  the  output  is  printed  instead  of  plotted. 

Note  that  this  problem  can  never  arise  in  DC  steady  state  calculations. 


The  solution  to  the  above  problem  is  to  hold  one  of  the  variables  at  a 
constant  value  for  a  given  graph,  thus  reducing  the  problem  to  a  family 
of  two-dimensional  displays. 

Generally,  one  desires  to  fix  the  value  of  time  and  then  sample  the 
transient  calculation  at  that  particular  time.  This  can  be  done  by 
merely  specifying  a  numerical  value  for  TIME  for  example: 

TIME  600 

If  one  wishes  to  sample  at  the  termination  of  the  transient  response, 
as  specified  by  the  TERMINATE  Entry,  the  word  FINAL  is  specified  for  the 
time  value: 

TIME  FINAL 

The  word  FINAL  must  never  be  used  unless  there  is  also  a  TERMINATE  Entry 
supplied. 

Similarly,  one  may  wish  to  specify  TIME  as  the  swept  variable.  In  this 
way,  the  user  controls  the  value  and  number  of  points  in  time  where  output 
is  taken.  The  final  value  of  time  is  indicated  by  the  word  FINAL.  Since 
the  final  value  of  time  may  not  be  known  in  advance  by  the  program,  the 
word  FINAL  may  not  be  immediately  preceded  by  a  step  number  in  parentheses. 
An  example  is: 

TIME  0  (3)  600  FINAL 

Finally,  the  user  may  wish  to  specify  TIME  as  the  parametric  variable,  thus 
producing  a  series  of  curves,  one  for  each  value  of  TIME  specified: 

*TIME  0  (3)  600  FINAL 
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Again,  the  word  FINAL  may  be  used  but  it  cannot  be  immediately  preceded 
by  a  step  number  in  parentheses. 

If,  in  the  above  examples,  the  termination  condition  is  satisfied  before 
TIME  reaches  600,  termination  will  not  occur  until  TIME  reaches  600. 

Note  that  the  above  rules  are  applied  only  when  it  is  required  that  the 
values  of  TIME  be  restricted  to  particular  values.  In  the  case  where  one 
merely  wishes  to  plot  all  the  data  corresponding  to  every  time  point  in 
the  transient  calculation,  the  above  technique  is  not  used. 

Instead,  the  swept  variable  is  not  even  specified.  In  this  event,  TIME 
is  automatically  the  swept  variable  and  every  value  of  TIME  is  used. 
Naturally,  TIME  cannot  be  used  as  a  parametric  variable  in  such  a  case. 

An  example  is: 

*R5  1  (3)  5 

PL0T  N(l)  VS  TIME 

which  would  plot  the  requested  information  with  a  separate  curve  for  each 
value  of  R5 . 

One  may  also  specify  some  other  quantity  as  the  independent  variable. 

In  this  case,  the  various  points  in  the  curve  would  correspond  to 
successive  values  of  TIME,  but  the  curve  would  be  a  function  of  the 
two  quantities  specified: 

PL0T  N(l)  VS  I(L5) 

An  independent  variable  is  never  specified  for  plots  in  polar  coordinates. 


6. 1.5.1  Examples  of  Legal  Forms  for  Transient  Calculations 

In  the  following  examples,  a  parametric  variable  is  usually  included, 
even  though  in  practice  it  is  optional.  Although  all  the  examples 
are  plotted,  the  appropriate  PRINT  expression  may  also  be  used. 

1.  A  series  of  curves  corresponding  to  different  values  of  TIME  is 
required.  Each  curve  represents  a  plot  of  voltage  gain  versus 
frequency.  The  values  of  frequency  to  be  used  are  specified: 

STATE 1 

♦TIME  3  (7*)  550  600 

FREQ  1  (10*)  50 

PL0T  A( 1-0/3-0 )  VS  FREQ 

2.  A  series  of  curves  corresponding  to  different  values  of  TIME  is 
required.  Each  curve  is  a  polar  plot  of  voltage  gain,  with  the 
individual  points  in  the  curve  representing  particular  frequency 
values.  The  values  of  frequency  used  are  specified: 

STATE2 

♦TIME  35  FINAL 
FREQ  1  (10*)  50  60 

PL0T  P0LAR  A(l-0/2-8) 

3.  A  series  of  curves  corresponding  to  different  values  of  TIME  is 
required.  Each  curve  represents  a  plot  of  one  node  voltage  versus 
another  node  voltage,  with  the  individual  points  in  the  curve  corre¬ 
sponding  to  different  values  of  R5.  The  values  of  R5  to  be  used  are 
specified: 

STATE 3 

♦TIME  0  FINAL 

R5  3  7  10 

PL0T  N(l)  VS  N( 3) 

4.  A  single  curve  at  a  specific  value  of  TIME  is  required.  The  curve  is 
a  plot  of  voltage  gain  versus  frequency.  The  values  of  frequency  to  be 
used  are  specified: 

STATE4 

TIME  FINAL 

FREQ  1  (10*)  50 

PL0T  A( 2-0/U-0 )  VS  FREQ 
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5.  A  series  of  curves  corresponding  to  different  values  of  R6  is 
required.  Each  curve  is  a  plot  of  the  value  of  a  node  voltage  at 
a  specific  value  of  TIME  versus  R5.  The  values  of  R5  to  be  used 
are  specified: 

STATE 5 

*R6  3  7  9 

TIME  57 
R5  3  (20)  70 

PL0T  N(l)  VS  R5 

6.  A  series  of  curves  corresponding  to  different  values  of  r6  is 

required.  Each  curve  is  a  plot  of  a  node  voltage  versus  another 

node  voltage,  where  both  node  voltages  are  sampled  at  a  specific 
value  of  TIME.  The  points  in  the  curve  correspond  to  different 
values  of  R5.  The  values  of  R5  are  specified: 

STATE6 

TIME  89 
*R6  3  5  10 

R5  2  (15)  20 

PL0T  N(l)  VS  N(2) 

7.  A  series  of  curves  corresponding  to  different  values  of  R5  is 

required.  Each  curve  is  a  plot  of  a  node  voltage  versus  TIME. 

Specific  values  of  TIME  are  specified: 

STATE7 

TIME  3  (10)  500 

*R5  2  5  8 

PL0T  N(l)  VS  TIME 

8.  A  series  of  curves  corresponding  to  different  values  of  frequency 
is  required.  Each  curve  is  a  polar  plot  of  voltage  gain.  The 
individual  points  in  each  plot  correspond  to  specific  values  of  TIME. 
These  TIME  values  are  specified: 

STATE8 

TIME  1  3U  (20)  89  FINAL 

*FREQ  1  U  9 « 

PL0T  P0LAR  A(l-0/3-0) 
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9.  A  series  of  curves  corresponding  to  different  values  of  R6  is 
required.  Each  curve  is  a  plot  of  a  node  voltage  versus  another  node 
voltage.  The  individual  points  in  the  curve  correspond  to  specific 
values  of  TIME.  These  TIME  values  are  specified: 

STATE9 

TIME  7  (20)  30  (bo)  100 

*R6  5  8  9  10 

PL0T  N(l)  VS  N(2) 

10.  A  series  of  curves  corresponding  co  different  values  of  FREQ 
is  required.  Each  curve  is  a  polar  plot  of  a  voltage  gain.  The 
individual  points  in  each  curve  correspond  to  successive  values  of 
TIME,  but  these  values  are  not  specified  (i.e.,  all  TIME  values  are 
needed) : 

STATE10 

*FREQ  368 

PL0T  P0LAR  A( 5-0/5-6) 

11.  A  series  of  curves  corresponding  to  different  values  of  R7  is 
required.  Each  curve  is  a  plot  of  a  node  voltage  versus  TIME.  All 
values  of  TIME  are  used  in  the  curve: 

STATE11 

*R7  !+  8 

PL0T  N(l)  VS  TIME 

12.  A  series  of  curves  corresponding  to  different  values  of  R7 

is  required.  Each  curve  is  a  plot  of  a  node  voltage  versus  another 
node  voltage.  The  individual  points  in  each  curve  correspond  to 
successive  values  of  TIME,  but  these  values  are  not  specified  (i.e., 
all  values  of  TIME  are  needed): 

STATE12 

*R7  5  8  15 

PL0T  N(l)  VS  N(2) 
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7.  MONTE  CARLO  SOLUTION 


NET  has  the  capability  of  synthetically  constructing  a  large  number  of 
networks,  each  composed  of  network  parameters  with  different  values, 
analyzing  the  performance  of  each  of  these  networks,  and  then  summarizing 
the  results  as  a  set  of  performance  statistics.  Such  a  calculation  is 
known  as  a  Monte  Carlo  solution. 

The  Monte  Carlo  solution  randomly  picks  network  parameters  whose  spread 
in  value  have  known  population  distributions.  The  resultant  networks 
will  then  have  response  variable  population  distributions  which  are 
statistically  identical  to  the  actual  network  in  mass  production. 

NET  requires  information  regarding  the  shape  of  the  distribution  curves 
for  the  network  parameters  and  the  limit  values  for  these  curves. 
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where:  v  =  value  of  the  curve  at  point  n,  . 

K  K. 

=  value  of  an  arbitrary  point  on  a  linear  scale. 

Both  ends  of  the  curve  must  be  included  (the  zero  value  points).  These 
two  ends  correspond  to  the  limit  values  of  the  distribution.  Note  that 
n^  corresponds  to  the  minimum  magnitude  value  point  and  n  to  the  maximum 
magnitude  value  point .  n 

The  n^  items  may  be  omitted  if  they  are  equally  spaced. 

Examples  of  Distribution  Entries  are: 

DIST65 
0  3 

5  6 

7  10 

3  12 

0  15 

DIST3^ 

3 

6 

12 

13 

9.5 

3 
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7.2  M0NTECARL0  Entry 

The  M0NTECARL0  Entry  specifies  the  limit  values  for  the  network  parameters 
(including  TIME  and  FREQ)  and  the  distribution  shape  to  be  applied  between 
these  limits.  An  output  statement  is  also  included  to  indicate  which  quan¬ 
tities  are  to  be  tabulated. 


7.2.1  Parameter  Values 

Each  parameter  of  interest  is  specified  by  an  indented  line  containing  the 
parameter  ID,  the  distribution  shape,  and  the  limit  values.  The  available 
distribution  shapes  include  rectangular,  Gaussian,  triangular ,  and  arbitrary 
shapes  (as  specified  by  a  corresponding  Distribution  Entry).  In  addition, 
specific  parameters  may  be  set  to  new  constant  values  (as  in  the  State 
solution),  and  topology  may  be  changed.  An  example  of  a  M0NTECARL0  Entry 
is: 

M0NTECARL035 

R6  GAUSS  .9* 

S3  0 

Tl.RBB  RECT  .05  .09 

LC3.V2  TRI  -24  1.1* 

FREQ  GAUSS  45.7 
TIME  45 

R35  DIST5*  .5*  2* 

Sl4  RECT  -.7  .3 

T1.M0DE  0FF 

If  the  limit  value  is  suffixed  by  an  asterisk,  a  relative  value  is  speci¬ 
fied.  The  actual  value  is  then  the  product  of  the  relative  value  and  the 
nominal  value. 

The  GAUSS  shape  is  a  Gaussian  curve  with  the  limit  values  specified  at 
the  3o  points.  Since  the  shape  is  symmetric,  only  one  limit  value  is 
required . 

The  RECT  shape  is  a  constant  value  distribution  between  the  two  limit 
values . 

The  TRI  shape  is  a  triangular  distribution  with  the  limit  values  corres¬ 
ponding  to  the  bottom  corners  of  the  triangle,  and  the  nominal  value  cor¬ 
responding  to  the  apex  of  the  triangle.  Obviously,  the  nominal  value 
must  fall  between  the  two  limit  values. 

The  DIST  shape  specifies  an  arbitrary  shape  corresponding  to  the  named 
Distribution  Entry.  The  first  limit  value  corresponds  to  the  minimum 
value,  the  second  to  the  maximum  value  in  the  appropriate  Distribution 
Entry. 

If  any  shape  word  is  suffixed  with  an  asterisk,  the  distribution  is  taken 
in  logarithmic  space  between  the  limit  values  instead  of  linear  space. 
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7.2.2  Output  Statements 

The  M0NTECARL0  Entry  includes  lines  on  indentation  level  1  which  specify 
quantities  to  be  tabulated  and  the  means  of  tabulation.  Output  quantities 
may  include  any  network  parameter,  time,  frequency,  X  variable,  symbolic 
constant,  and  response  variable.  The  output  statement  must  not  include 
mathematical  expressions,  numerical  constants,  function  references,  or 
table  references. 

Tabulation  may  be  done  either  by  printing  or  plotting.  If  printing  is 
specified,  the  tabulation  includes  each  individual  network  calculation. 

Plotted  information  is  presented  in  histogram  form.  Only  one  output 
quantity  may  be  named  in  each  PL0T  statement.  Examples  of  output 
statements  are: 

M0NTECARL089 

PRINT  R1  N ( 1 ) 

PL0T  Tl.RBB 
PL0T  A (1-0/ 3-0) 

The  phase  angle  of  AC  small  signal  variables  is  printed  and  plotted  in  degrees. 


7.2.3  Time  Point  of  Sampling 

The  Monte  Carlo  solution  must  sample  the  values  of  the  output  quantities 
at  one  and  only  one  point  in  time.  If  a  TERMINATE  Entry  is  included  in 
the  input  this  sampling  will  occur  whenever  the  terminate  condition  is 
satisfied,  unless  the  specific  M0NTECARL0  Entry  contains  either  a  statisti¬ 
cal  or  constant  specification  of  TIME,  in  which  case  sampling  will  occur 
at  that  value  of  TIME.  If  there  is  no  TERMINATE  Entry  and  no  TIME  speci¬ 
fication,  the  sampling  will  be  done  at  the  conclusion  of  the  DC  steady  state 
calculation. 


7.2. U  Number  of  Monte  Carlo  Cases 


The  total  number  of  networks  to  be  constructed  by  NET  during  each  Monte 
Carlo  solution  is  given  by  a  line  containing  the  word  CASES  and  the 
specified  number.  This  line  is  included  under  the  M0NTECARL0  Entry  at 
indentation  level  1.  An  example  is: 

M0NTECARL078 

CASES  150 
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8. 


OPTIMIZATION  SOLUTION 


The  Optimization  solution  is  probably  the  most  powerful  feature  of  NET-2. 
With  this  type  of  solution,  it  is  possible  to  optimize  network  response 
to  achieve  a  particular  design  goal. 

The  Optimization  solution  attempts  to  attain  the  desired  optimum  by  a 
minimization  process  which  varies  specific  network  parameters  within  an 
allowable  parameter  space.  The  optimum  attained  is  not  guaranteed  to  be 
a  global  optimum,  but  may  be  only  a  local  one. 

The  values  of  the  network  parameters  which  produce  the  optimum  condition 
automatically  replace  the  nominal  values  of  these  parameters  for  all  sub¬ 
sequent  solutions  (unless  further  changed  by  a  subsequent  Optimization 
solution).  This  is  done  to  permit  the  user  to  find  a  set  of  optimum  net¬ 
work  parameters  and  then  perform  State,  Monte  Carlo,  or  further  Optimiza¬ 
tion  solutions  on  the  optimized  network. 


8.1  0PTIMIZE  Entry 

The  0PTIMIZE  Entry  specifies  the  network  parameters  which  may  be  varied 
and  their  ranges ,  constraints  imposed  between  network  parameters ,  and  a 
series  of  operational  states  for  the  network  configuration.  Within  each 
operational  state  a  number  of  additional  items  may  be  specified. 

The  0PTIMIZE  Entry  begins  with  a  line  on  indentation  level  0  of  the  format: 

0PTIMIZEn 

This  line  indicates  a  specific  Optimization  solution.  All  lines  pertaining 
to  this  particular  solution  follow  this  line  and  are  indented. 


8.1.1  Network  Parameter  Ranges 

A  series  of  lines  at  indentation  level  1  specify  various  network  param¬ 
eters  (including  FREQ)  and  the  lower  and  upper  limits  for  their  values. 

In  achieving  the  optimum  solution  only  values  of  these  parameters  which 
fall  between  the  limits  specified  may  be  used.  An  example  is: 

0PTIMIZEl*6 

R5  .005  .016 

FREQ  1  1.5* 

Note  that  relative  values  may  be  indicated  by  suffixing  the  value  with  an 
asterisk.  The  actual  value  is  then  the  product  of  the  relative  value  and 
the  nominal  value . 
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8.1.2  Network  Parameter  Constraints 


It  is  possible  to  impose  constraints  on  network  parameters  which  do  not 
have  ranges  specified.  These  constraints  are  expressed  by  mathematical 
expressions  which  are  written  in  terms  of  network  parameters  which  have 
ranges  specified.  For  example: 

0PTIMIZE75 

R5  .005  .016 

R6  =  R5/2 

This  insures  that  no  matter  what  value  R5  assumes  in  the  optimization, 
R6  will  always  be  half  of  R5  in  value.  These  constraints  are  always 
written  at  indentation  level  1. 


8.1.3  Operational  States 

The  operational  state  information  is  very  similar  to  the  information 
specified  under  the  STATE  Entry.  It  specifies  any  additional  informa¬ 
tion  pertaining  to  network  parameter  values,  lists  the  objective  func¬ 
tions)  to  be  minimized,  and  permits  the  transient  calculation  to  be 
bypassed  if  desired.  There  may  be  many  different  operational  state 
entries,  each  corresponding  to  a  different  mode  of  operation  for  the 
network . 

Each  operational  state  is  introduced  by  a  line  containing  the  word  STATE 
on  indentation  level  1.  This  is  then  followed  by  one  or  more  lines  on 
indentation  level  2  which  give  the  details  for  that  particular  operational 
state . 

In  the  actual  optimization  process  all  of  the  operational  states  are  con¬ 
sidered  "simultaneously."  Thus  the  optimized  network  gives  the  "best" 
performance  in  each  of  the  states  specified. 
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The  usage  of  the  operational  state  is  best  explained  by  referring  to  an 
extended  example: 

0PTIMIZE18 

STATE 

V6  -7 
S12  0 

TIME  0 

0BJ  =  N(1)/I(L5) 

STATE 

0BJ  =  l(L5)**2  VS  CURVE 3  .25 

S12  1 

0BJ  =  N(l)  VS  CURVE5  .50 
STATE 

0BJ  =  A(l-0/3-M  VS  CURVE2  .35  X 
TIME  1*7 

FREQ  10  (20*)  100 

T1.M0DE  0FF 

Note  the  similarity  to  the  STATE  Entry.  The  basic  differences  are: 

1.  The  indentation  level  is  increased  by  one. 

2.  The  word  STATE  does  not  have  a  numerical  suffix. 

3.  The  output  statements  have  been  replaced  by  objective  function 
statements . 

1*.  No  parametric  variable  is  permitted. 

8. 1.3.1  Objective  Function  Statements 

Two  different  forms  of  objective  function  statements  are  permitted. 

One  form,  called  the  point  form,  is  usable  when  only  a  single  value 
for  each  network  response  variable  is  calculated;  the  other  form, 
called  the  curve  form,  is  used  in  conjunction  with  a  swept  variable. 

The  point  form  is  shown  in  the  first  operational  state  in  the  example 
above.  It  consists  of  the  word  0BJ,  an  equal  sign,  and  a  mathematical 
expression  whose  value  is  to  be  minimized.  This  mathematical  expression 
is  evaluated  only  once  during  a  particular  response  calculation.  If  the 
DC  steady  state  response  is  specified,  then  it  is  evaluated  at  the  DC 
operating  point.  If  the  transient  response  is  specified,  it  is  eval¬ 
uated  at  the  termination  of  the  transient  calculation.  There  is  no 
restriction  on  the  form  of  the  mathematical  expression. 

The  curve  form  is  shown  in  the  second  and  third  operational  states  in 
the  above  example.  It  requires  a  series  of  values  for  some  mathematical 
expression  for  various  values  of  a  swept  variable.  If  the  swept  variable 
is  TIME,  a  set  of  time  values  must  be  supplied. 
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The  curve  form  is  specified,  in  order,  by  the  word  0BJ,  an  equal  sign, 
any  mathematical  expression,  the  word  VS,  the  name  of  a  curve,  a 
weighting  constant,  and  an  optional  fitting  parameter. 

The  curve  form  actually  specifies  a  curve  fitting  process.  The  curve 
name  refers  to  the  definition  of  a  specific  curve  shape  which  is  in¬ 
cluded  somewhere  else  in  the  NET-2  input.  It  is  required  to  fit  the 
values  of  the  mathematical  expression  as  closely  as  possible  to  the 
curve  values  in  the  least  squares  sense.  The  independent  variable  for 
the  mathematical  expression  values  and  the  curve  is  always  the  swept 
variable . 

The  curve  is  normally  required  to  be  fit  as  exactly  as  possible  in  the 
least  squares  sense.  However,  by  including  the  optional  character  X 
at  the  end  of  the  curve  form  statement,  it  is  possible  to  do  the  fit¬ 
ting  to  within  a  linear  transformation.  This  transformation  will  be 
chosen  by  NET-2,  and  generally  its  value  is  of  no  interest  to  the  user. 

The  value  of  the  curve  form  objective  function  is  given  by  the  following 
expression: 

n 

E 

Value  =  W  — 

n 

w. 

1 

the  objective  function  weight 
the  number  of  sample  points 
the  weight  for  value  Y(x^)  on  the  curve 

the  value  of  the  swept  variable  at  the  ith  sample 
point 

the  value  of  the  mathematical  expression  at  the  ith 
sample  point 

the  value  of  the  curve  at  the  ith  sample  point 

constant  for  linear  transformation  (a  =  1  if  optional 
character  X  not  included) 

constant  for  linear  transformation  (b  =  0  if  optional 
character  X  not  included) 

There  is  no  restriction  on  the  number  of  objective  functions  which  may 
appear  under  a  given  operational  state.  Both  point  form  and  curve  form 
objective  functions  may  not  be  used  in  the  same  operational  state. 

The  Optimization  solution  minimizes  the  sum  of  the  values  of  all  objective 
functions  for  all  specified  operational  states. 
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The  CURVE  Entry  specifies  the  shape  and  weights  for  the  curve  required  by 
the  curve  form  objective  functions.  The  CURVE  Entry  consists  of  several 
lines,  with  the  first  line  beginning  at  indentation  level  0,  and  subsequent 
lines  beginning  at  indentation  level  1.  The  format  is: 


w 

m 


where:  CURVEn  =  curve  ID 

x^,  x^,  etc.  =  values  of  the  swept  variable 


yx,  y„,  etc.  =  values  of  the  curve  corresponding  to  x  ,  x^ ,  etc. 

w^ ,  w  ,  etc.  =  values  of  the  curve  weights  corresponding  to 
x1,  x2,  etc. 

The  specification  of  the  weights  for  any  point  is  optional.  If  the  weight 

w.  is  not  specified,  it  is  assumed  w.  =  1. 
i  i 


Optimization  Results 


When  the  minimum  of  the  sum  of  the  objective  functions  has  been  attained, 
the  value  of  the  minimum  is  printed.  Also  printed  are  the  values  of  all 
network  parameters  which  have  been  varied  to  produce  the  minimum.  The 
values  then  become  the  nominal  values  for  these  network  parameters  for 
subsequent  calculations . 


9.  DEVICE  PARAMETER  AND  STORED  MODEL  LIBRARY  MAINTENANCE 


NET-2  includes  facilities  for  the  maintenance  of  the  device  parameter 
library  and  the  stored  model  library.  This  maintenance  is  specified  by 
entries  which  may  be  part  of  the  NET-2  network  description.  Alternatively, 
maintenance  may  be  accomplished  as  a  separate  NET-2  run. 


9-1  LIBRARY  Entry 

The  LIBRARY  Entry  may  appear  as  part  of  the  NET-2  input.  This  entry 
consists  of  the  word  LIBRARY  on  indentation  level  0,  followed  by  several 
indented  subentries  which  specify  printing,  modification,  copying  and 
deletion  of  library  contents. 

The  library  contents  are  manipulated  in  the  same  order  as  the  various 
subentries  are  listed.  All  library  maintenance  is  accomplished  immediately 
after  the  input  has  been  read,  so  that  all  calculations  of  network  response 
will  use  the  updated  library  contents. 

Only  one  LIBRARY  Entry  is  permitted  in  the  NET-2  input. 


9.1.1  Device  Parameter  Library  Print 

The  word  PRINT  on  indentation  level  1,  followed  by  the  word  DPL,  may 
be  used  as  a  subentry  heading  to  indicate  that  a  listing  of  the  device 
parameters  for  specified  modeled  devices  is  desired.  The  lines  which 
follow  indicate  which  modeled  devices  are  desired.  An  example  is: 

LIBRARY 

PRINT  DPL 
D  1N279 
T  2N1307 

Note  that  the  lines  specifying  the  desired  modeled  devices  appear  on 
indentation  level  2.  There  may  be  as  many  such  lines  as  desired,  with  the 
order  of  printing  the  same  as  the  order  in  which  the  lines  are  listed. 

Each  line  must  specify  the  appropriate  prefix  for  the  device  (e.g.,  D 
for  diode,  T  for  transistor)  followed  by  the  device  type  name. 

A  copy  of  the  device  parameter  library  master  list  is  always  printed  first. 
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If  more  than  one  set  of  listings  is  desired,  the  number  of  copies  of  the 
printout  may  be  specified  by  an  integer  following  the  word  PRINT  and  DPL. 

A  space  must  intervene  between  the  word  DPL  and  the  integer.  For  example: 

LIBRARY 

PRINT  DPL  5 
D  IN 279 

If  a  printout  of  the  entire  library  is  desired,  the  word  ALL  may  be  used  in 
place  of  the  device  specification  lines: 

LIBRARY 

PRINT  DPL 
ALL 


9.1.2  Device  Parameter  Library  Modification 

It  is  possible  to  add  new  devices  to  the  device  parameter  library  or  modify 
parameter  values  of  existing  devices  in  the  device  parameter  library.  A 
device  specification  line  is  used  on  indentation  level  1  to  indicate  which 
device  is  involved.  For  example: 

LIBRARY 

D  1N279  1 
RB  .005 
IS  .00013 

The  device  specification  line  shows,  in  order,  the  device  prefix,  the 
device  type  name,  and  the  model  number  for  the  device.  If  the  device  is 
already  in  the  library  the  model  number  may  be  omitted;  for  new  devices 
the  model  number  must  be  included. 

Following  the  device  specification  line,  a  series  of  device  parameter  speci¬ 
fication  lines  on  indentation  level  2  are  listed,  one  for  each  parameter 
value  of  interest.  These  lines  give  the  parameter  value  symbol  followed  by 
the  numerical  value  of  the  parameter.  If  the  device  is  already  in  the  library, 
the  listed  parametei  values  replace  the  original  values  in  the  library.  If 
the  device  is  not  in  ihe  library,  the  listed  parameter  values  become  the 
:»vice  parameter  values  in  the  library,  with  NET-2  providing  default  values 
■  r  any  device  parameter  values  which  are  not  listed. 

t  possible  to  change  the  type  name  or  model  number  of  a  device 
:  r.  the  library  except  by  first  deleting  the  existing  device  (see 
•  vn  adding  a  new  device  to  the  library. 

.■  .  ;  trameter  values  of  the  device  involved  in  the  library 

he  produced  automatically. 
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9 .1.2.1  Device  Parameter  Data  Reduction 


NET-2  contains  facilities  for  automatically  determining  certain  modeled 
device  parameters  from  measurement  data  supplied  in  numerical  form.  In¬ 
formation  for  this  data  reduction  feature  always  appears  as  a  subentry 
under  a  device  specification  line  in  the  Library  Entry.  The  general 
format  is : 

LIBRARY 

devspec 

paramspec 

DATA  drtype  fixedparams  /  startparams 
datasetl 
dataset2 


where:  devspec  =  device  specification  line 

paramspec  =  device  parameter  specification  line 
drtype  =  data  reduction  type  code 

fixedparams  =  list  of  parameter  symbols  whose  values  are  to  be 
fixed  at  prescribed  values 

startparams  =  list  of  parameter  symbols  whose  prescribed  values 

are  to  be  used  as  starting  values  for  data  reduction 
datasetl,  dataset2,  etc.  =  sets  of  numerical  values  for  data  points. 

NET-2  will  modify  the  parameter  values  in  the  library  according  to  any 
device  parameter  specification  lines  which  may  be  included  for  a  given 
device  before  the  data  reduction  process  is  started.  Then,  using  these 
parameter  values,  NET-2  will  enter  the  data  reduction  phase,  generating 
additional  parameter  values  as  required. 

The  DATA  card  always  starts  at  indentation  level  2  and  specifies  the  type 
of  data  reduction  and  any  constraints  and/or  initial  starting  values  desired 
by  the  user.  Sets  of  numerical  data  including  optional  weighting  values 
always  follow  the  DATA  card  at  indentation  level  3. 
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The  user  may  elect  to  have  certain  parameter  value:;  held  constant  during 
the  data  reduction  process  (normally  these  values  would  be  calculated  as 
part  of  the  data  reduction).  This  can  be  done  by  including  the  symbols 
for  these  parameters  in  the  optional  fixedparams  field  on  the  DATA  card. 

Only  parameters  which  are  calculated  by  the  specified  data  reduction  type 
may  be  included  in  the  fixedparams  field.  The  values  of  the  remaining 
parameters  are  calculated  so  as  to  be  consistent  with  the  fixed  parameter 
values . 

The  user  may  also  wish  to  specify  a  set  of  starting  values  to  assist  MET -2 
in  the  data  reduction  process.  This  can  be  done  by  including  the  symbols 
for  these  parameters  in  the  optional  startparams  field.  The  startparams 
field  must  be  prefixed  with  a  slash  when  it  is  used.  NET-2  will  then  begin 
the  data  reduction  process  using  the  specified  values  for  these  parameters, 
but  as  the  data  reduction  progresses,  these  values  will  be  modified  so  as 
to  give  an  optimal  fit  to  the  data  points.  Only  parameters  which  are  cal¬ 
culated  by  the  specified  data  reduction  type  may  be  included  in  the  start¬ 
params  field. 

The  data  reduction  type  code  (drtype)  specifies  the  type  of  data  reduction 
which  is  required  and  the  quantities  which  are  to  be  supplied  in  the  data¬ 
sets  following  the  DATA  card.  The  last  member  of  each  dataset  is  an  optional 
weighting  factor;  if  omitted,  NET-2  will  automatically  supply  a  value  of 
unity.  The  data  points  are  not  required  to  be  ordered,  although  machine 
sort  time  can  be  saved  if  they  are  in  ascending  order.  The  number  of  data 
points  supplied  must  exceed  the  number  of  parameters  to  be  calculated  for 
a  given  data  reduction  type. 

When  the  calculated  parameter  values  are  printed,  standard  error  values  will 
also  be  printed  in  parentheses  for  those  values  which  have  been  extracted 
from  the  data  point  information. 

There  may  be  more  than  one  data  reduction  associated  with  a  given  modeled 
device.  The  final  set  of  device  parameter  values  after  all  data  reduction 
steps  have  been  completed  are  entered  into  the  device  parameter  library  and 
used  for  subsequent  calculations. 


An  example  of  the  format  for  data  reduction  is: 


LIBRARY 

T  2NU598  I4 

RBB  .001 
IES  IE-9 

DATA  DCN1  RBB  THE/ IES 
.15  12  IE-10  .3 

.25  l1*  2.3E-10  .35 


THE  38 

In  this  example  data  reduction  for  a  bipolar  transistor  (type  name  2NL598) 
is  performed  using  the  numerical  data  which  is  included  at  indentation 
level  3  following  the  DATA  card.  The  code  DCN1  specifies  the  data  reduction 
type  desired,  in  this  case  the  normal  forward  emitter-base  characteristic 
for  DC  operation.  DCN1  also  specifies  the  meaning  of  the  numerical  entries 
which  are  supplied  as  data;  in  this  example  each  dataset  card  specifies,  in 
order,  base-emitter  voltage,  normal  common  emitter  current  gain  Bn,  emitter 
current,  and  the  weighting  factor  associated  with  the  data  point. 

The  parameter  values  for  RBB  and  THE  which  are  normally  calculated  by  the 
DCN1  type  of  data  reduction  have  been  declared  as  fixed  value  parameters. 
Their  values  will  thus  be  held  constant  at  the  values  of  .001  and  38, 
respectively,  as  specified  by  the  appropriate  device  parameter  specification 
lines . 

The  parameter  symbol  IES  appears  in  the  startparams  field.  Thus,  a  value 
of  IE-9  for  IES  as  specified  in  the  device  parameter  specification  line 
will  be  used  as  a  starting  value  for  IES  in  the  data  reduction  process. 

Details  of  the  various  types  of  data  reduction  are  included  in  the  modeled 
device  descriptions  in  Chapter  2. 
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A  device  in  the  device  parameter  library  may  be  deleted  by  including  tie 
word  DELETE,  followed  by  DPL,  as  a  subentry  heading  on  indentation  level  1. 


Device  specification  lines  then  follow  on  indentation  level  2  to  indicate 
which  devices  are  to  be  deleted.  The  device  specification  lines  list,  in 
order,  the  device  prefix  and  the  type  name.  For  example: 

LIBRARY 

DELETE  DPL 
D  1N279 
D  1N61+5 


9.1.^  Copy  Device  Parameter  Library 

A  copy  of  the  device  parameter  library  may  be  made  at  any  point  in  the  library 
maintenance  operation  by  including  the  word  C0PY,  followed  by  DPL,  as  a  subentry 
heading  on  indentation  level  1.  For  example: 

LIBRARY 

C0PY  DPL 

The  C0PY  subentry  may  be  preceded  and  followed  by  other  library  maintenance 
subentries  if  desired.  The  library  copy  will  reflect  the  status  of  the  device 
parameter  library  as  it  exists  at  that  point  in  the  maintenance  sequence. 

This  copy  is  made  on  FORTRAN  logical  unit  11. 


9- 1.5  Stored  Model  Library  Print 


The  word  PRINT  on  indentation  level  1,  followed  by  the  word  SML,  may  be 
used  as  a  subentry  heading  to  indicate  that  a  listing  of  the  descriptions 
of  specified  stored  models  is  desired.  The  lines  which  follow  indicate 
which  stored  models  are  desired.  An  example  is: 

LIBRARY 

PRINT  SML 
PQ 
WTH 

Note  that  the  lines  specifying  the  modeled  devices  appear  on  indentation 
level  2.  There  may  be  as  many  such  lines  as  desired,  with  the  order  of 
printing  the  same  as  the  order  in  which  the  lines  are  listed. 

A  copy  of  the  stored  model  library  master  list  is  always  printed  first. 

If  more  than  one  set  of  listings  is  desired,  the  number  of  copies  of  the 
printout  may  be  specified  by  an  integer  following  the  words  PRINT  and  SML 
A  space  must  intervene  between  the  word  SMI/  and  the  integer.  For  example 

LIBRARY 

PRINT  SML  5 
RHTY 

If  a  printout  of  the  entire  library  is  desired,  the  word  ALL  may  be  used 
in  place  of  the  stored  model  specification  lines: 

LIBRARY 

PRINT  SML 

ALL 


L 


mm 


JK 


9- 1.6  Deletion  of  Stored  Models 

A  stored  model  may  be  deleted  from  the  stored  model  library  by  including 
the  word  DELETE,  followed  by  the  word  SML,  as  a  subentry  heading  on 
indentation  level  1.  The  names  of  the  stored  models  which  are  to  be 
deleted  are  then  listed,  one  per  lino,  on  indentation  level  2.  For 
example : 

LIBRARY 

DELETE  SML 
PQ 

RHTY 

It  is  not  possible  to  add  new  stored  models  or  modify  existing  stored 
models  in  the  stored  model  library  through  the  LIBRARY  Entry.  This  is 
accomplished  with  the  M0DEL  Entry  as  described  in  Chapter  5. 


9-1.7  Copy  Stored  Model  Library 

A  copy  of  the  stored  model  library  may  be  made  at  any  point  in  the  library 
maintenance  operation  by  including  the  word  C0PY,  followed  by  SML,  as  a 
subentry  heading  on  indentation  level  1.  For  example: 

LIBRARY 

C0PY  SML 

The  C0PY  subentry  may  be  preceded  and  followed  by  other  library  maintenance 
subentries  if  desired.  The  library  copy  will  reflect  the  status  of  the  stored 
model  library  as  it  exists  at  that  point  in  the  maintenance  sequence.  This 
copy  is  made  on  FORTRAN  logical  unit  10. 
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10.  INPUT  PREPARATION 


Input  to  the  NET-2  program  eonniutn  of  a  deck  of  punched  cards.  Preparation 
of  the  cards  is  done  on  a  standard  printing  card  punch.  Columns  1  ^hrough 
72  are  available  for  punching  NET-2  input.  Columns  73  through  80  may  be 
used  for  any  other  purpose  such  as  card  sequence  number  or  identification. 


10.1  Order  of  Entries 


In  general,  the  order  in  which  the  various  entries  ar^.  listed  in  the  input 
is  immaterial,  except  for  the  STATE  Entry,  M0NTECARL0  Entry,  and  0PTIMIZE 
F:.*.ry.  The  sequence  of  calculation  for  the  STATE,  M0NTECARL0,  and  0PTIMIZE 
Entries  is  in  the  same  order  as  these  entries  are  listed  in  the  input.  The 
user  should  remember  that  after  each  Optimize  solution,  the  nominal  circuit 
values  will  have  been  changed  (see  chapter  8). 


10.2  Representation  of  Indentation  Levels 

The  user  may  specify  which  columns  correspond  to  the  start  of  the  various 
indentation  levels,  other  then  indentation  level  0. 

Indentation  level  0  always  begins  in  column  1.  Other  indentation  levels 
are  assigned  a  starting  column  by  the  user  and  punched  accordingly.  It 
is  not  necessary  to  adhere  to  the  same  starting  column  for  a  given  inden¬ 
tation  level  except  within  the  same  entry. 


10.3  Card  Continuation 


Many  times  it  will  not  be  possible  to  punch  a  complete  NET-2  line  on  one 
card,  particularly  when  long  mathematical  expressions  are  used.  A  con¬ 
tinuation  symbol  may  be  punched  whenever  a  space  would  normally  occur. 

The  line  is  then  continued  on  the  next  card.  If  the  second  card  does  not 
have  adequate  space  to  complete  the  line,  a  continuation  symbol  is  punched 
in  lieu  of  a  space  and  a  third  card  used,  and  so  on,  up  to  a  maximum  of 
five  cards  per  line.  It  is  not  necessary  to  observe  the  indentation  rules 
when  starting  new  cards  following  the  continuation  symbol.  These  cards 
may  be  started  in  any  column.  Of  course,  when  the  punching  of  the  line 
has  been  completed,  the  next  card  must  observe  the  proper  indentation  rules 
for  the  next  line. 

The  symbol  $  is  used  for  the  continuation  symbol.  It  will  be  interpreted 
as  a  space  by  NET-2. 
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10.4  Comment  Cards 


The  user  may  insert  comment  cards  in  his  NET  circuit  description  deck. 
Each  comment  card  must  have  an  asterisk  punched  in  column  1.  These 
comment  cards  will  be  listed  as  part  of  the  NET  circuit  description 
listing  but  will  not  affect  network  response  calculation.  Since  comment 
cards  are  written  on  indentation  level  0  they  must  not  be  inserted  in 
the  middle  of  an  indented  sequence  of  cards  such  as  a  Table  Entry. 

NET  will  use  the  first  card  in  every  input  deck  as  a  title  for  labeling 
output.  It  is  recommended  that  this  first  card  in  the  deck  be  a  comment 
card. 

An  example  of  a  comment  card  is: 

"NEGATIVE  IMPEDANCE  AMPLIFIER,  STATISTICAL  STUDY 


10.5  Punching  of  Entries 

The  NET-2  input  which  describes  the  network  configuration  and  the  control 
and  output  requests  is  punched,  following  the  rules  set  forth  above  for 
indentation  and  continuation,  and  using  the  formats  described  in  this 
report.  The  IBM  360/370  version  of  NET-2  will  accept  both  BCD  and  EBCDIC 
punched  cards. 

NOTE:  The  prime  symbol  is  not  a  valid  symbol  on  the  CDC  6000  system. 
However,  NET-2  is  writen  so  that  the  6000  version  will  inter¬ 
pret  an  8-4  punch  (BCD  input)  or  an  8-5  punch  (EBCDIC  input) 
as  a  prime  symbol.  The  prime  symbol  will  be  represented  by 
the  symbol  1  on  the  printed  listing. 


10.6  Time  Limit  Specification  and  Checkpoint/Restart  Option 

Both  the  IBM  360/370  and  CDC  6000  operating  systems  require  that  the  user 
specify  a  time  limit  for  all  Jobs  submitted  (in  the  absence  of  such  specifi¬ 
cation  a  default  value  is  assigned).  When  this  time  limit  is  reached  the 
system  will  terminate  the  Job  automatically.  In  the  event  that  calculation 
has  not  been  completed  at  the  expiration  of  the  allotted  time  it  is  desirable 
to  be  able  to  obtain  any  available  output  and  to  save  the  status  of  the  run  to 
permit  continuation  from  that  point  at  a  later  time. 

NET-2  contains  optional  checkpoint/restart  facilities  to  permit  automatic 
recovery  in  the  event  of  time  limit  expiration.  Checkpoint /restart  will  be 
provided  only  if  the  NET-2  deck  contains  the  card: 

DEBUG  1 
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and  the  time  limit  is  greater  than  60  decimal  seconds  for  the  IBM  360/370 
version,  or  100  octal  seconds  for  the  CDC  6000  version. 

The  CDC  6000  version  is  able  to  capture  time  limit  specification  automa¬ 
tically.  However,  tne  user  must  supply  a  time  limit  card  in  the  I..-T-2 
deck  for  the  IBM  360/370  version  if  time  limit  checking  is  required.  The 
format  for  this  entry  is: 

TLIM  Time 

where  Time  =  time  limit  in  decimal  seconds. 


10.7  END  Card 


The  input  deck  is  concluded  by  punching  a  card  with  the  word  END,  beginning 
in  column  1. 


10.8  Multiple  Runs 

NET-2  will  accommodate  a  series  of  unrelated  network  analysis  runs  if 
desired.  The  individual  input  decks,  each  concluding  with  an  END  card, 
are  placed  one  after  another  with  no  intervening  cards  to  form  a  multiple 
run  input  deck.  The  various  input  decks  are  then  processed  in  the  same 
order  as  they  appear. 

The  use  of  this  feature  produces  a  more  efficient  execution  of  NET-2  in 
the  batch  processing  mode.  However,  the  entire  multiple  run  will  be 
terminated  if  the  operating  system  encounters  an  unrecoverable  error  of 
any  type,  such  as  an  arithmetic  overflow. 
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11.  EXAMPLE  PROBLEMS 


This  chapter  presents  five  NET-2  example  problems .  The  first  four  problems 
are  self  contained  and  should  be  able  to  be  run  with  NET-2.  The  fifth 
example  illustrates  the  use  of  mathematical  expressions  and  is  not  designed 
to  actually  run  on  NET-2;  it  is  included  only  for  illustrative  purposes. 

The  Video  Amplifier  Example  features  the  use  of  the  Library  Entry,  the 
Define  Entry,  neutron  radiation  effects,  frequency  domain  transfer  functions 
evaluated  during  the  transient  solution,  and  parametric  variables.  Note  the 
use  of  the  switch  SI  which  is  connected  between  interior  nodes  of  a  defined 
subcircuit.  The  listing  for  this  example  is: 

*VIDE0  AMPLIFIER  EXAMPLE 
LIBRARY 

ZD  1N758A  2 
KB  1SE-5 
GC  1.12E-7 
W  U.01E-3 
C  350 
VZ  .9 
N  .412 
TH  37.7 
IS  1.6E-11 
A  15 
B  1 

VB  -8.2 
D  1N914  1 
RB  8E-3 
GC  2.857E-7 
IS  2.1E-6 
VZ  .5 
N  .5 

W  6.28E-2 
TH  22.639 
C  3.98 


l8l 


. . . . 


T  2N2857  U 
GE  1E-U 
GC  1E-U 
A1  1 
A1  1 
B1  1 
BN  6H.6 
BI  .53 
IES  1.35E-12 
ICS  3.31E-12 
THE  36.1 
THC  35-9 
WN  3.78 

WI  .0278 

CE  1 
VZE  2 
NE  .22 
CC  1.22 
VZC  2 
NC  .251 
S  1 

RBB  .0183 
RCC  4.28E-3 
KAN  7.998E-17 
KAI  U.573E-17 
Cl  VI  1  220E3 
C2  6  0  1E6 
C3  5  0  1E6 
Ck  U  0  10 
R1  1  2  2.2 
R2  b  0  2.2 
R3  5  6  .1 
RU  V2  5  .075 
SI  NHD2.8  NHD2.13  1 
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DEFINE  NHD  2  l6  13  0 
HI  3  6  200 
R2  6  0  1E3 
RU  5  1 
R5  5  7  390 
R6  7  0  5.1 
R7  2  7  82 
R8  2  8  82 
R9  7  9  5.1 
RIO  10  0  12 
Rll  8  10  27 
R12  11  0  12 
R13  13  8  .1 
RlU  lU  15  .1 
R15  13  12  2 
Rl6  15  0  1.3 
C2  3  U  220E3 
C3  8  0  1E6 
CU  9  10  .2E6 
C6  15  0  . 33E6 
C7  12  16  .2E6 
D1  2  3  1N911* 

D2  5  0  1N911* 

ZD 5  0  6  1N758A 
T1  9  2  8  2N2857 

T2  11  10  12  2N2857 
T3  l1*  11  12  2N2857 
NHD1  2360 
NHD2  3^50 
VI  VI  0  U(TIME-.OOl) 

V2  V2  0  22 
PI  0 

NEUT  =  PI,  0 
STATE 3 
TIME  1 

*P1  0  5E13  1E14  5ElU 
FREQ  .00001  (50*)  .02 
PL0T  LINL0G  A(U-0/Vl-0) 

PL0T  LINL0G  Z(2-0/2-0) 

PL0T  LINL0G  Z( 3-0/ 3-0) 

PL0T  L0GL0G  A'(U-0/Vl-0)  Z'(2-0/2-0)  Z' (3-0/3- 

END 
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The  Montecarlo  Example  shows  the  use  of  various  distribution  shapes,  the 
use  of  linear  and  logarithmic  distributions,  and  the  use  of  actual  and 
relative  limits  on  the  distributions.  The  listing  for  this  example  is: 


*M0NTECARL0  EXAMPLE 

R1  VI  1  1 

R2  1  0  2 

VI  VI  0  1 

R3  1  0  2 

M0NTECARL01 

R1  DIST1  .5*  1.5 
R2  TRI*  .5  1.5* 

R3  GAUSS  .5* 

VI  RECT  .5  1.5 
CASES  10 

PRINT  I (R1 )  N(l)  P(R2) 
PL0T  N(l) 

PL0T  I (R1 ) 

DIST1 

0 

.3 

1.0 

0 

END 
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The  AC  Bridge  Optimization  Example  illustrates  the  optimization  of  a 
circuit  in  the  frequency  domain.  In  this  example  it  is  desired  to 
minimize  the  voltage  gain  transfer  function,  i.e.,  balance  the  bridge, 
by  varying  the  exciting  frequency.  The  optimization  is  followed  by  a 
state  solution  which  explores  the  variation  of  the  voltage  gain  with 
the  inductance  LI  using  resistor  R1  as  a  parametric  variable.  This 
exploration  is  done  using  the  bridge  balance  frequency  found  by  the 
optimization.  The  listing  for  this  example  is: 


*AC  BRIDGE  OPTIMIZATION  EXAMPLE 

Cl  1  U  10 

C2  1*  5  10 

C3  b  0  1100.1 

Cb  3  0  9. 99 

C5  1  3  10 

R1  2  It  .005 

R2  3  5  31.9U35 

LI  2  0  13.7E3 

FREQ  1 

0PTIMIZE6 

FREQ  U0E-6  UlE-6 
STATE 

0BJ=A(5-O/l-O) 

STATE 3 

PLOT  A( 5-0/1-0)  VS  LI 
LI  13.3E3  (6)  1U.1E3 
*R1  .004  (2)  .006 

END 
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The  next  example  illustrates  the  use  of  system  elements  to  represent  a 
nonlinear  coupled  system  of  differential  equations  in  the  time  variable. 
The  equation  system  involving  the  dependent  variables  f(t),  g(t),  and  v(t) 
is  given  by: 

f'  =  (p2  -  v)g 

g'  =  (p1  -  v ) f  -  2g/t 

g"  =  v  -  2v'/t  -  2(f2  +  g2) 

where  0  i  t  <  2 
f(0)  =  1.8 

g(0)  =  0 

v(0)  =  7 
v'(0)  =  0 


In  the  above  notation  f'  =  df/dt,  etc.  We  note  that  there  is  an  indeter¬ 
minate  form  of  0/0  for  t  =  0  in  the  equations  for  g'  and  g".  The  solution 
of  the  equations  is  well  behaved  at  t  =  0,  and  we  can  avoid  the  apparent 
singularity  with  no  appreciable  effect  on  the  solution  accuracy  by  replacing 
t  with  t  +  e  whenever  t  occurs  in  the  denominator  of  these  equations  (e  is 
chosen  to  be  arbitrarily  small,  positive,  and  nonzero). 

This  system  of  equations  can  be  solved  in  simultaneous  fashion  using  a 
network  of  system  elements.  Let  us  assign  a  value  of  IE-6  to  e  and  associate 
nodes  with  variables  as  follows: 


Variable 

Node 

f(t) 

F 

f'(t) 

DF 

g(t) 

G 

g'  (t) 

DG 

v(t) 

V 

v'(t) 

DV 

v"(t) 

DDV 
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The  network  which  corresponds  to  the  system  of  equations  is  shown  in 
Figure  11-1. 


The  NET-2  description  of  this  network  is: 


*N0NLINEAR  EQUATION  SYSTEM 

INTI  DDV  DV  1 

INT2  DV  V  1,  7 

GAIN1  DV  1  2/(TIME+lE-6) 

SUM1  DDV  V  -1  3 

INT3  DF  F  1,  1.8 

MULTI  FSQ  F  F 

SUM2  2  FSQ  GSQ 

INTU  DG  G  1 

MULT2  GSQ  G  G 

SUM  3  U  -V  P2 

MULT  3  DF  1)  G 

GAIN3  G  7  2/(TIME+lE-6) 

SUMU  5  V  PI 

MULT6  6  F  5 

SUM5  DG  6  -7 

VI  PI  0  15 

V2  P2  0  1 

GAIN  2  2  3  -2 

STATE1 

TIME  0  (100)  2 

PL0T  N(V) 

PL0T  N(G) 

PL0T  N(F) 

END 
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The  final  example  illustrates  the  various  ways  in  which  mathematical 
expressions  may  be  used  in  NET-?.  The  example  is  self  consistent  but 
does  not  represent  a  meaningful  physical  situation  and  is  not  intended 
to  be  run  on  NET-2.  Note  that  TABLE6  is  defined  twice,  once  for  model  KB 
and  once  for  the  rest  of  the  circuit  description.  The  listing  for  this 
example  is: 

"MATHEMATICAL  EXPRESSI0N  EXAMPLE 
M0DEL  KB  A  B 
TABLE6 
5  3 
7  1 

X1=TABLE6 ( TIME ) *C0S ( TIME ) /AL0G ( SORT ( FREQ** ( hh 33** ( 7+  5 /TABLE6 ( FREQ ) ) ) ) ) 
F9(A,C2U)=SIN(45*FREQ**A+C2U/6+3.97) 

WT3  A  2 

R5  2  3  l(WT3.V5) 

LI  B  2  X1+13*S3*F9(R5,19)*L1*C7**2 
C7  A  2  N(WT3.7)/N(WT3.D)+N(WT3.C) 

S3  B  2  ABS(Xl) 

M0DEL  WT  C  D 
P2  -3 

R3  7  D  U(I3/V5)*TAN(I3)/ATAN(3*P2+I3) 

13  C  D  EXP (TIME) 

V5  D  7  R3E7 
KB2  2  5 

L3  5  KB2.WT3.C  39 
K6  L3  KB2.L1  X1/R20+R2 
F3=TIME+L3*ABS(C0S(ABS(L3)+7) ) 

F9(A,B,C,D)=A*B-C/D 

R1  2  0  F9(TABLE6(F(L3)),2,R20,P2)**TABLE6(R2) 

R20  5  0  3*R2 
TERMINATE=TIME/2-100*P2 
MAXSTEP=TABLE6 ( TIME ) 

0PTIMIZE2 

STATE 

0BJ=R2/P2+7  VS  CURVE2 
L3=SQRT(R3) 

R3  1  12 
TABLE6 
1  2 
3 

P2  -5 
R2  1  2  6 
R3  1  0  7 
R20  1  5  7E3 
CURVE2 
0  5 

50  6 

END 
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APPENDIX  A:  FORTRAN  LOGICAL  UNIT  ASSIGNMENTS 


The  FORTRAN  logical  unit  numbers  employed  by  NET-2  are  listed  below  along 
with  their  function  in  the  program.  Any  logical  unit  which  is  not  required 
in  a  particular  NET-2  run  may  be  used  in  conjunction  with  the  INPFL  or  0UTFL 
system  elements  (see  3.3**  and  3.35) •  The  IBM  360/370  version  is  not  restricted 
to  these  unit  numbers. 


Unit  Function 

1  Stored  model  library  master  copy.  Used  if  M0DEL  Entry  included, 

stored  model  referenced,  or  LIBRARY  Entry  references  stored 
model  library. 

3  Device  parameter  library  master  copy.  Used  if  modeled  device 

specified  in  network  or  LIBRARY  Entry  references  device 
parameter  library. 

U  Output  data  file.  Always  used. 

5  Input  file  containing  network  description  deck.  Always  used. 

6  Output  file  containing  NET-2  printed  output  information.  Always 

used. 

7  Reserved  for  punch  output  file  in  IBM  360/370  version.  Not 

available  in  CDC  6000  version. 

8  Internal  file  for  dynamic  storage  allocation.  Always  used. 

9  Device  parameter  library  internal  working  file.  Always  used  when 

unit  3  is  used. 

10  User  specified  copy  of  stored  model  library.  Always  used  when 

LIBRARY  Entry  includes  a  C0PY  Entry  for  the  stored  model 
library. 

11  User  specified  copy  of  device  parameter  library.  Always  used 

when  LIBRARY  Entry  includes  a  C0PY  Entry  for  the  device 
parameter  library. 


APPENDIX  B:  SPECIAL  WORDS  AND  PREFIXES  IN  NET-2 


The  following  words  have  special  meaning  to  NET-2  and  may  not  be  used  as 
names  for  subnetworks.  However,  they  may  be  freely  used  for  node  names 
and  function  dummy  arguments ,  and  they  may  be  included  in  the  text  for 
comments.  A  reference  to  the  section  number  in  this  report  is  given  for 
those  words  which  are  currently  operational. 


ABS 

3.5 

AC0S 

3.18 

ALL 

9.1.1,  9.1.5 

AND 

3.30 

ASIN 

3.17 

ATAN 

3.19 

C 

2.3 

CASES 

7.2.U 

CCNV 

2.28 

C0PY 

9.1.1*,  9.1.7 

CURVE 

8.2 

CW 

2.21 

D 

2.15 

DATA 

9. 1.2.1 

DDACC 

3.37 

DEBUG 

1.2.2. 7,  10.6 

DEFINE 

1*. 

DELAY 

3.27 

DELETE 

9.1.3,  9.1.6 

DERIV 

3.11 

DF 

2.26 

DIST 

7.1 

END 

10.7 

E0R 

3.32 

EXP 

3.11* 

EXPN 

3.15 

F 

1.2. 2. 6 

FREQ 

1.1*.  1 

GAIN 

3.2 

GAMD0T 

1.3. 4.1 

GAMMA 

1.3. 4.1 

HC 

2.23 

HD 

2.25 

HYST 

3.29 

I 

2.10 

INITIAL 

Reserved 

INPFL 

3.35 

INT 

3.10 

IPP 

2.13 

JFET 

2.20 

K 

2.6 

TIME 

1.3.1 

TLIM 

10.6 

TLINE 

2.lU 

V 

2.8 

VCCS 

2.11 

VCG 

2.2 

VCVS 

2.9 

X 

1.2. 2. 5 

XFCP 

3.12 

XFCZCP 

3.12 

XFCZDP 

3.12 

XFP 

3.12 

XFSP 

3.12 

XFZCP 

3.12 

XFZP 

3.12 

XM0D 

Reserved 

YMQSD 

Reserved 

ZD 

2.16 

ft 
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